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FOREWORD 


This  document  summarizes  key  findings  and  presents  the  background 
material  relevant  to  the  study  entitled,  "Definition  of  an  Improved  Wet 
Support  Bridge  Concept  and  Related  System  Analysis."  This  report  presents 
a  systems-analysis  approach  and  evaluation  of: 

•  Integral  Propulsion  Subsystem  Survey  and  Analysis 
(Chapter  2.,  Phase  I). 

•  Ribbon  Bridge  with  Integral  Propulsion 
(Chapter  3.,  Phase  I). 

•  Three-Ponton  Bay  System  with  Integral  Propulsion 
(Chapter  4.,  Phase  I). 

•  Control  System  (Chapter  5.,  Phase  I). 

•  Organizational  and  Life  Cycle  Costs  of  Alternative, 

Viable  Wet  Bridge  Systems  (Chapter  6.,  Phase  II).  j 

j 

This  study  concluded  that  a  new  half-width  interior  bay  with  integral 

propulsion  and  a  single  folding  bow  ponton  is  practicable  for  the  exist-  j 

1 

ing  Ribbon  Bridge  System  and  will  improve  bridge/rafting  performance  and 
reduce  life-cycle  costs  in  comparison  with  the  Current  Ribbon  Bridge.  It 
also  concluded  that  the  Improved  Wet  Bridge  System  based  upon  Integral 
propulsion  in  all  three-ponton  bays  provides  bridge/rafting  capabilities 
for  improved  performance  in  handling  Military  Load  Class  70. 

i 

The  new  half-width  interior  bay  with  integral  propulsion  would  pro-  j 

vide  Improved  performance  for  the  Ribbon  Bridge  System  throughout  the 
late  1980s  and  into  the  1990s.  Beginning  in  the  early  1990s,  the  integral 

1 

propulsion  three-ponton  bay,  a  totally  new  Wet  Bridge  concept,  would  pro-  i 

vide  improved  bridge/rafting  performance.  1 
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1.  SUMMARY 


1.1  INTRODUCTION 

This  report  presents  the  results  of  a  system  analysis  and  concept 
formulation  for  Incorporating  integral  propulsion  into  the  Improved  Wet 
Support  Bridge — both  tne  existing  Ribbon  Bridge  System  and  the  new  Three- 
Ronton  Bay  System  designed  for  Military  Load  Class  70  Tracked  and  Wheeled 
Vehicles.  The  study  was  conducted  in  two  phases: 

Phase  I  -  Formulation  and  Presentation  of  Systems  for  Incorporating 
Integral  Propulsion  into  the  Improved  Wet  Support  Bridge 
Phase  II  -  Organizational  and  Life  Cycle  Cost  Aspects  of  the 
Comparative  Systems  Concepts 

1.2  BACKGROUND 

The  US  Army  needs  a  cost-effective  Improved  Wet  Support  Bridge  System 
to  enhance  its  wet  gap  crossing  capabilities  and  readlr.ess  beyond  1985. 

The  purpose  of  this  task  is  to  evaluate  the  potential  of  using  integral 
propulsion  subsystems  instead  of  bridge  erection  boats  to  power  the  wet 
support  bridge  modules.  This  continuous  float  bridge  is  planned  to  be  in 
the  US  Army  inventory  in  the  1990s. 

1.3  OBJECTIVE 

The  original  objective  of  Phase  I  was  to  formulate  and  present  system 
concepts  for  incorporating  integral  propulsion  into  the  Improved  Wet 
Support  Bridge.  This  objective  was  amended  early  in  the  program  to  include 
conceptual  definitions  of  integral  propulsion  in: 
a.  The  Ribbon  Bridge 

(1)  With  pump-jet 

(2)  With  outboard  drive 
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b.  The  Three-Ponton  Modular  System  (as  described  by  Figures  1,  2, 
and  3  of  Statement  of  Work) . 

(1)  With  pump- jet 

(2)  With  outboard  drive 

The  objective  of  Phase  II  was  to  develop  organizational  and  life- 
cycle  costs  for  the  alternative  bridge  systems,  namely, 

•  Current  Ribbon  Bridge 

•  Improved  Ribbon  Bridge  with  Integral  Propulsion  Half-Bays 

•  Improved  Wet  Bridge  with  Integral  Propulsion  Three-Ponton  Bays 
The  ten-year  projected  life-cycle  costs  were  to  include: 

•  Acquisition  costs 

•  Crew  costs 

•  Training  mission  operating  and  support  costs 

1.4  SCOPE  OF  WORK 

Phase  I  involved  four  subtasks.  These  are  listed  below  along  with 
the  numbers  of  the  sections  in  which  they  are  discussed. 

2.  Integral  Propulsion  Subsystem  Survey  and  Analysis 

3.  Ribbon  Bridge  with  Integral  Propulsion 

4.  Three-Ponton  Bay  System  with  Integral  Propulsion 

5.  Crntrol  System 

The  scope  of  work  of  !'hase  II  involved  a  single  subtask: 

6.  Organizational  and  Life-Cycle  Costs  of  Alternative,  Viable 
Wet  Bridge  Systems 

1.5  FINDINGS  OF  PHASE  I 

1.5.1  Integral  Propulsion  Subsystem  Survey  and  Analysis  (Section  2.) 

For  the  Ribbon  Bridge  interior  bay,  only  an  outboard  propeller 
thruster  was  acceptable,  namely,  a  Schottel  SRP-12  unit  driven  by  a 
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Garrett  or  Turbomach  gas  turbine.  Unless  variable- speed  drive  is  used, 
a  special  design  and  procurement  would  be  required  for  a  controllable  pitch 
propeller. 


The  preferred  concept,  which  provides  integral  propulsion  both  for 
the  Ribbon  Bridge  and  for  rafting,  is  the  new  integral  propulsion  half¬ 
bay*  with  a  single  folding  bow  ponton.  This  concept  results  in  an  Improved 
Ribbon  Bridge  System  with  greater  bridging  and  rafting  capabilities. 

The  Improved  Ribbon  Bridge  integral  propulsion  half-bay  with  a  single 

| 

folding  bow  ponton  would  be  carried  on  the  present  Ribbon  Bridge  trans¬ 
porter  (CONDEC  Model  No.  2280).  The  deadweight  of  the  integral  propulsion 
half-bay  having  a  propulsion  subsystem  based  upon  two  SPJ-50  Pump- Jets  and 
two  six-cylinder  air-cooled  turbocharged  Deutz  diesels  would  be  6.00  ST. 

1.5.3  Study  of  Three-Ponton  Bay  System  with  Integral  Propulsion 
(Section  4.) 

The  preferred  concept  for  a  propulsion  subsystem  in  a  three-part 

j 

interior  bay  is  a  Schottel  Pump-Jet  clutched  to  a  Deutz  air-cooled  diesel. 

j 

The  diesel  may  have  either  four  or  six  cylinders,  depending  upon  the  thrust  ] 

needed.  The  Level  1  drawings  are  based  upon  the  six-cylinder  engine. 

i 

The  deadweight  of  the  three-part  interior  bay  with  Integral  propul¬ 
sion  based  upon  the  pump-jet  is  estimated  to  be  8.94  ST,  resulting  in  a 
capacity  of  34.14  ST  with  the  roadways  awash.  i 

Because  of  space  limitations,  only  a  single  pump-jet  propulsion  sub¬ 
system  can  be  installed  in  the  roadway  portion  of  the  three-part  ramp  bay. 

An  outboard  drive  can  be  installed  in  the  bow  pontons  of  the  three- 
part  interior  bay  to  provide  integral  propulsion  utilizing  a  gas  turbine 
as  the  prime  mover.  However,  the  outboard  drive  is  considered  more  com¬ 
plicated,  less  reliable,  and  more  vulnerable  than  the  pump-jet  drive  for 
this  application.  j 

_  I 

*This  concept  is  referred  to  by  MERADCOM  as  "The  Slice".  | 

i 

j 
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The  b( w  pontons  ere  stowed  end  deployed  by  means  of  e  multiple-linkage 


hydraulic  system.  They  pivot  on  "Invisible"  h'nges  that  do  not  protrude  . . 

above  the  roadway  when  the  pontons  ere  deployed. 

Both  the  interior  end  reap  beys  would  be  carried  on  e  transporter 
chassis,  based  upon  the  new  HEMTT  10-ton,  8x8  truck  chassis.  The  Heavy 
Expanded  Mobility  Tactical  Truck  family  is  in  a  prototype  procurement 
phase  with  Oshkosh  Truck  Corporation. 

1.5.4  Study  of  the  Control  Subsystem  (Section  5.) 

The  two  propulsors  of  each  module  (bay)  are  ganged  both  In  power  and 
direction  In  order  to  provide  a  single  thrust  vector  for  control  purposes. 

Each  module  can  be  manually  controlled  individually  or  can  be  ganged  for 
multiple  module  control. 

Up  to  four  integral  propulsion  modules  (bays)  can  be  controlled  from 
a  portable  console,  which  can  be  emplaced  in  either  of  the  two  control 
stations  on  any  of  the  four  bays. 

The  communication  link  between  modules  is  hardwired  through  a  re¬ 
tractable  reel  system  in  each  module. 

The  integrated  control  system  has  no  automatic  feedback  loop;  the 

i 

only  feedback  is  provided  by  the  operator  via  visual  references  or 
directional  sensors. 

I*6  FINDINGS  OF  PHASE  II 

1.6.1  Organizational  and  Life-Cycle  Costs  of  Alternative,  Viable  Wet 
Bridge  Systems  (Section  6.) 

The  acquisition  cost,  including  spares,  for  each  of  the  alternative 
bridge  systems,  based  upon  bridging  a  120-m  wet  gap,  is  as  follows: 

I 

I 
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Acquisition  Cost 


Bridge  System 

FY  *82  ($000) 

Current  Ribbon  Bridge 

4,139 

Improved  Ribbon  Bridge  with 
Integral  Propulsion  Half-Bays 

3,307 

Improved  Wet  Bridge  with 

Integral  Propulsion  Three- 
Ponton  Bays 

4,891 

The  ten-year  life-cycle  crew  cost 

for  these  bridge  systems  is  as 

follows : 

Bridge  System 

Ten-Year  Life  Cycle  Crew  Cost 
FY  *82  ($000) 

Current  Ribbon  Bridge 

8,455 

Improved  Ribbon  Bridge  with 
Integral  Propulsion  Half-Bays 

7,322 

Improved  Wet  Bridge  with 

Integral  Propulsion  Three- 
Ponton  Bays 

6,955 

The  ten-year  life-cycle  operating  and  support  costs,  based  upon  one 

training  mission  per  month,  are  as  follows: 

Operating  and  Support  Costs  Based  Upon 
One  Training  Mission/Month 

Bridge  System  _ FY  '82  ($000) _ 

Current  Ribbon  Bridge  899 

Improved  Wet  Bridge  witn 
Integral  Propulsion  Half-Bays  709 

Improved  Wet  Bridge  with 
Integral  Propulsion  Three- 

Ponton  Bays  1 , 067 

The  total  ten-year  life-cycle  costs  based  upon  the  above  three  cost 
elements  are  as  follows  for  each  of  the  alternative  bridge  systems: 

3 

i 
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Bridge  System 
Current  Ribbon  bridge 


Limited  Life-Cycle  Coats  Based  Upon 
Acquisition,  Crew,  and  Mission  Cost  Elements 
_ FY  *82  ($000) _ 


13,493 

Improved  Ribbon  Bridge  with 
Integral  Propulsion  Half-Bays  1^.,338 

Improved  Wet  Bridge  with 
Integral  Propulsion  Three- 

Ponton  Bays  12,913 

1,7  CONCLUSION 

Integral  propulsion  of  the  half-width  interior  bay  with  a  single 
folding  bow  ponton  is  practicable  for  the  Ribbon  Bridge  system  and  will 
result  in  improved  bridge/rafting  performance  at  lower  life  cycle  cost 
than  with  the  current  Ribbon  Bridge. 

The  Improved  Wet  Bridge  system,  based  upon  integral  propulsion  in  all 
three-ponton  bays,  provides  bridge/rafting  capabilities  for  improved  per¬ 
formance  in  handling  Military  Load  Class  70.  Dual  integral  propulsion 
can  be  provided  in  the  interior  bay  utilizing  pump- jet  thrusters.  Single 
pump- jet  Integral  propulsion  can  be  provided  in  the  ramp  bay.  The  esti¬ 
mated  life  cycle  cost  of  the  Improved  Wet  Bridge  system  with  ample  Mili¬ 
tary  Load  Class  70  performance  and  improved  land  mobility  is  less  than 
that  of  the  current  Ribbon  Bridge  system. 
i-8  RECOMMENDATIONS 

To  meet  Army  needs  for  increased  bridge/rafting  performance  in  the 
1980s  and  into  the  early  1990s,  it  is  recommended  that  the  Improved  Ribbon 
Bridge  with  half-width  interior  bays  and  single  folding  bow  pontons  be 
developed  with  integral  propulsion. 
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For  the  1990a  and  beyond,  It  la  rtcoiandad  that  an  iaproved  wot 
bridge/ rafting  ays to*  bo  developed  with  three-ponton  Interior  end  raatp 
baya  utillaing  integral  pump- jet  propuleion. 
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2.  INTEGRAL  PROPULSION  SUBSYSTEM  SURVEY  AMD  ANALYSIS  , 

2.1  INTRODUCTION 

The  purpose  of  this  study  Is  to  identify  and  evaluate  the  various 
alternative  components  of  a  propulsion  system  for  tvo  military  wet-gap 
bridging  systems: 

(a)  The  conventional  ribbon  bridge. 

(b)  The  proposed  three-part  modular  system. 

Emphasis  has  been  placed  in  this  study  on  two  types  of  thrusters:  j 

(a)  An  integral  jet  pump  thruster  using  the  Schottel  Pump-Jet  as  j 

i 

the  baseline  unit,  and  1 

i 

(b)  An  outboard  propellor  thruster  driven  by  an  inboard  engine. 

3 

Alternative  thrusters  falling  into  these  generic  classes  have  been  con¬ 
sidered  as  well  as  a  number  of  alternative  prime  movers. 

2.2  PROPULSION  SYSTEM  REQUIREMENTS  j 

2.2.1  Performance 

(a)  Thrust 

The  basic  performance  requirement  for  the  propulsion  system  is  that 
it  provide  sufficient  thrust  in  each  bridge  bay:  ] 

•  To  permit  station-keeping  in  the  bridge  mode  with 
Military  Load  Class  70  crossings  in  a  stream  with 
velocities  up  to  2.5  m/s,  and 
e  To  permit  rafting  with  Military  Load  Class  70  in 
streams  with  velocities  up  to  3.0  m/s. 

For  purposes  of  this  study,  the  thrust  requirement  was  specified  to  be  j 

j 

based  on  tvo  specific  performance  levels:  j 
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•  1800  lb  per  7-Mtu  bridge  module 

•  1300  lb  par  7-meter  bridge  module 

In  each  case,  of  course,  this  thrust  would  have  to  be  available  at  a  rela¬ 
tive  stream  velocity  of  3  m/s  to  meet  the  above  operational  requirements. 

(b)  Direction  of  Thrust 

In  the  normal  operations  of  bridge  modules,  thrust  may  be  needed  in 
virtually  any  direction  relative  to  the  module  Itself.  Thus,  the  thruster 
must  be  steerable.  Maneuverability  and  response  are  greatest  if  the 
thruster  can  be  steered  or  pointed  at  any  angle  throughout  a  complete 
360°  rotation  relative  to  coordinates  fixed  to  the  module.  However, 
this  capability  may  not  be  required  if  a  turning  moment  can  be  applied; 
the  module  can  be  rotated  by  use  of  the  thrust  moment  until  an  available 
thrust  direction  is  reached.  Thus,  the  range  of  steerability  was  reserved 
for  possible  tradeoff  against  other  desirable  features. 

(c)  Thrust  Moment 

No  specification  has  been  set  for  the  required  thrust  moment  or,  for 
that  matter,  the  rate  of  turn  of  the  module. 

One  method  for  sitting  a  tentative  moment  specification  consistent 
with  the  above  thrust  requirements  Is  to  assume  that  the  bridge  module  is 
crosswise  to  the  stream  and  that  half  of  its  length  is  in  calm  water  or 
eddies  associated  with  the  shore  effect  while  the  other  half  is  in  fast 
water  that  imposes  a  drag  consistent  with  the  required  total  thrust  (i.e., 
650  or  900  lb  on  half  of  the  hull).  In  this  case,  the  reaction  moment  to 
keep  the  module  from  rotating  would  have  to  be  4530  ft-lb  or  6273  ft-lb 
respectively,  assuming  a  module  with  a  length  ot  8.5  m  (27.9  ft). 
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2.2.2  Configuration 


(a)  Thruatar  Location 

Schematic  diagrams  of  the  cross-section  (perpendicular  to  the  bridge 
length)  of  the  two  types  of  bridge  modules  or  bays  are  shown  in  Figure  2-1. 
In  each  case  the  pontons  are  shown  in  folded  position  for  transporting 
and  open  position  as  used  for  bridging  or  rafting. 

As  the  bridge  bays  are  often  operated  in  ahallow  water,  the  thrusters 
should  not  protrude  below  the  bottom  of  the  hull  in  the  center  portion  of 
the  bay.  A  thruster  could  be  located  along  either  side  or  at  the  ends  of 
the  bay  so  that  it  would  be  below  the  waterline  but  not  protrude  below  the 
hull  bottom;  however,  because  individual  bays  mate  with  other  bays  along 
both  sides  to  form  bridges  or  rafts,  the  thruster  must  be  located  either 
flush  with  the  bottom  of  the  hull  in  the  center  portion  of  a  bay  or  between 
the  waterline  and  hull  bottom  at  the  bow  and  stern. 

(b)  Propulsion  System  Height 

Depending  on  the  type  of  bridge  module,  the  roadway  surface  lies  either 
along  the  outer  portion  of  the  center  section(s)  or  the  inner  portion  of  the 
bow  and  stern  sections.  In  these  areas,  the  propulsion  components  cannot 
extend  above  the  top  surface  of  the  module. 

Although  undesirable  from  the  point  of  view  of  vulnerability  to  damage, 
it  is  conceivable  that  some  slight  extension  above  the  roadway  level  could 
occur  in  the  area  between  the  roadway  strips.  This  would  be  limited  by  the 
minimum  clearance  between  tracks  or  wheels  of  all  of  the  vehicles  using  the 
bridge. 

2.2.3  Logistics 

The  primary  logistical  requirement  on  the  propulsion  system  is  that 
it  should  be  capable  of  running  on  the  fuel  used  by  the  field  army  of  the 
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future.  This  lit  of  course,  diesel  fuel.  Thus,  the  prime  mover  must  be 
either  e  diesel  engine  or  e  ges  turbine.  Gasoline  engines  were  not  con¬ 
sidered  es  cendidetes  for  the  system. 

2.2.4  Maintainability 

It  is  desirable  that  the  propulsion  system  be  located  and  mounted  in 
such  a  fashion  as  to  permit  maintenance  on  the  engine  and/or  thruster  while 
the  bridge  bay  la  out  of  the  water  in  storage. 

It  can  be  seen  from  Figure  2-1  that  access  to  an  engine  installed  in 
either  bridge  would  not  be  possible  in  the  folded  (storage)  configuration. 
Moreover,  the  Ribbon  Bridge  cannot  easily  he  unfolded  and  refolded  on  dry 
land  and  would  be  impossible  to  open  while  on  its  carrier  vehicle. 

The  three-part  module  can  be  unfolded  on  its  carrier;  in  fact,  this 
would  probably  be  done  prior  to  launching.  Thus,  these  bays  present  no 
major  difficulty  to  maintenance  of  an  Installed  engine  through  an  access 
hatch  on  the  deck. 

If  a  similar  engine  were  Installed  in  the  Ribbon  Bridge,  the  module 
would  have  to  be  lifted  off  its  carrier  and  either  deployed  In  water  ox 
unfolded  on  land.  The  latter  option  would  likely  require  the  installation 
of  rollers  or  wheels  on  the  center  sections. 

This  difficulty  with  the  Ribbon  Bridge  could  be  overcome  by  the  ad¬ 
dition  of  a  fifth  compartment  to  house  the  propulsion  system.  This  com¬ 
partment  would  provide  flotation  and  access  to  the  engines  through  hatches 
on  its  top  surface.  When  the  bridge  module  is  deployed,  the  two  center 
sections  would  rotate  up  around  this  drive  compartment  and  enclose  it  in 
a  semicircular  cut-out  volume  designed  to  receive  it.  Thus,  the  engines 
would  always  be  in  their  normal  orientation  and  accessible  for  maintenance. 
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This  concept  Introduces  other  problems,  however,  and  Is  discussed  In 
greater  detail  later  (section  3.6). 

2.3  PRIME  MOVERS 
2,3.1  General  Discussion 

As  ncted  earlier,  the  gr.solin*  engine  was  eliminated  aa  the  primary 
power  source  for  logistical  reasons,  leaving  the  diesel  and  gas  turbine 
as  contendere. 

With  regard  to  diesel  engines,  a  selection  of  power  ratings,  weights, 
and  sizes  is  shown  in  Table  2-1.  The  basic  tradeoff  is  between  the  air¬ 
cooled  and  water-cooled  types.  With  the  exception  of  “he  Volkswagen  engine, 
the  various  water-cooled  varieties  are  somewhat  heavier  than  air-cooled 
engines  with  comparable  power  capacity.  They  are  also  somewhat  longer, 
especially  when  the  space  required  for  the  radiator  or  heat  exchanger  is 
included. 

The  critical  dimensions  for  installation  in  the  bridge  modules  is  the 
height  of  the  engine.  This  dimension  is  roughly  the  same  'about  31  to  41 
inches)  for  all  of  the  engines  shown  except  the  four-cylinder  Volkswagen 
engines.  The  latter  have  a  height  as  small  as  21.6  inches  in  the  tipped 
version;  however,  their  power  capability  is  not  sufficient  for  the  Pump- 
Jet  thruster,  and  their  shaft  speed  is  nearly  twice  that  of  the  other 
engines,  which  would  necessitate  the  use  of  a  gear-box  speed  reduct 'on  unit. 

Thus,  an  air-cooled  diesel  would  be  better  than  a  water-cooltu  one  for 
this  application,  in  view  of  the  fact  that  it  provides  comparable  perform¬ 
ance  with  less  weight  and  complexity  and  has  comparable  critical  dimensions. 
While  the  Deutz  and  Lister  units  do  not  differ  significantly  in  most  res¬ 
pects,  the  Lister  units  are  5  to  6  inches  larger  than  the  Deutz  units  in 
the  critical  height  dimension. 
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In  comparison  with  diesels,  the  gas  turbine's  major  generic  character¬ 
istics  are  low  weight  and  very  high  shaft  speed.  However,  for  this  appli¬ 
cation,  its  most  important  characteristic  is  that  it  has  no  crankcase  or 
cylinder  head .  This  suggests  that  it  may  be  more  amenable  to  storage  on 
its  side  or  upside  down,  as  would  be  required  for  certain  engine  mounting 
locations.  If  a  normal  diesel  is  tipped  too  far,  the  crankcase  oil  leaks 
into  the  tops  of  the  cylinders;  the  engine  cannot  then  be  operated  until 
the  combustion  chambers  are  drcined. 

2.3.2  Air  Cooled  Diesel  Characteristics 

The  Deutz.  line  of  air-cooled  diesel  engines  is  a  promising  prime  power 
source  for  the  bridge  modules.  The  overall  dimensions  of  tne  four-,  five-, 
and  six-cylinder  models  were  given  in  Table  2-1.  More  detailed  specifi¬ 
cations  are  given  in  Table  2-2  for  the  sizes  of  interest.  Engine  dimensions 
are  shown  in  Figure  2-2.  Photographs  of  the  four-cylinder  engine  from  both 
sides  are  reproduced  in  Figure  2-3,  and  a  cutaway  drawing  of  both  sides  is 
shown  in  Figure  2-4. 

The  principal  alternative  to  the  Deutz  is  the  Lister  diesel  line. 
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Again,  a  full  line  is  available  from  two  cylinders  up  to  six.  Dimensions  ■  • j 

of  the  four-  and  six-cylinder  versions  were  shown  in  Table  2-1.  Table  2-3 

gives  the  specifications  for  the  entire  line  from  the  two-cylinder  engine 

to  the  turbocharged  six-cylinder  engine.  The  corresponding  power  curves  1 

are  shown  in  Figure  2-5 .  ,  __ 

2.3.3  Gas  xurbine  Characteristics  7 1 

<  i 

The  principal  manufacturers  of  gas  turbines  in  the  power  range  of  ‘ *, 

interest  are  the  Garrett  Corporation  and  Turbomach  Division  of  Solar  Tur-  jj 

bines  International.  Both  firms  were  contacted  to  determine  which  models 
of  small  turbines  would  be  most  suitable  for  this  application.  fj 
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Table  2-2 

Deutz  Diesel  Specification! 


Type 

ML  911 

FILM! 

al 

WO-  o  cyoooi 

4 

1 

Notation  (lacing  Mynrhaal) 

MWdodwe* 

mhddkees 

SAE  Manga 

7.3*4 

7.394 

tnfKtion 

4nd 

tract 

Spud 

rpm 

1.900  l.kOO  7000  7IM  7300  7. M0  7660  7*00 

1600  1.100  7.000  7.190  7  300  7J66  MB)  H 

m/sac. 

fi.0  7.7  U  It  U  iy  106  11.7 

&0  7J  ID  W  U  N  N  1 

(It.  /min.  | 

tt.ttl)  II  41 7|  IIA74)  (1.693)  11  8101  H  96SI  17.0871 17.7061 

n  ull  11.4171  11676)  (1.6931  (tJIOI  (CM)  17.6671  |U 

Continuous  rating  (A  to  OIN 0270) 
llOVooortoadI 

BMP 

41  49  13  10  M  - 

It  It  669  76.6  71  -  - 

Maan  attacuva  praaaura 

kg/cm* 

(Ibe./sq  m  ) 

5i3  6.49  6.37  6.72  6J0? 

9.49  641  8JS  6s76  A19 

197.66)  197.311  199.69)  (9M7|  I86A7I 

(97  J1 1  (91 .1 7)  (94X37)  (MUCH)  |6tM|  - 

tmarmdtanl  rating  (8  to  DM  6270) 
a)  (hsawydutyl 

BMP 

41  It  67  69  62  66 

M  64  71  74  71  II 

b)  (normal  duty) 

BHP 

49  it  10  93  97  70  71  73 

97  6i  n  n  to  a  m 

Automotive  rating  to  DIN  70020 

BHP 

-  97  70  71  73 

83  87  N 

Moon  fHocloo  proaauro 

kg/cm' 

6.9*  6.69  6.38  6.77 

6J99  U4  Ut  9 

(fit  /tq  m  ) 

I96JB6I  (96.16)  190.741  (66471 

(97.961  IMA61 00.1b  <M 

Maaanum  torqua  ralarrod  to 

mkg(lt  Hial 

77.4(167 JO) 

77.11701.01 

automotwa  rating  to  DIN  70020 

d  rpm 

1*00 

I.M0 

Minimum  tpaad  during  continuoua  oparation 

rpm 

1600 

1.900 

Minimum  apaad  during  idling 

rpm 

660-700 

690-700 

Bora/atroka 

mm  (in ) 

100/1  TOO'TW/d'Xd 

100/l20l3l)U/4’Md 

Oualictmjnt 

Mra.  |cu  in  I 

3.771730.11 

4.711287.4) 

Compraaamn  ratio 

17 

l» 

Fuel  consumption  at  cont:nuoua  rating  A  and 
1.000  rpm 

fua  load 

g/MPhr  (Ibs/HPtw) 

t  SI  (03*4) 

1I96U94I 

load 

g/MPhr  (Ibt  /HPhr) 

163(0.36*) 

166(0.372) 

A  load 

g/HPhr  |lba  /HPhr) 

180(0403) 

169(04141 

Luba  od  corwumotmn 

kg/hr  (lbs  /hr) 

Ol  (0770) 

011(0.7411 

Starting  method  * 

11.01. F 

II.DL.F 

FtarniaaibN  inclination  parmanant /tamporary 
fora  or  aft 

g 

36“/ 40“ 

32®/37° 

to  either  side 

*9 

70“/ 30“ 

70»/30« 

Intaclion  pump 

Bmch 

Beach 

Charging  Ganarator 

Bmch 

•well 

Net  weight 

menuaiy  darted  engine 

kg  IBs  ) 

etectr  darted  engine 
with  sheet  metd  oH  tump 

kg  (Ibt  I 
kg  lltot  ) 

370(70*) 

with  cat!  od  tump 

kg  (Ibt  | 

330(777) 

4061693) 

Shipping  space,  seaworthy  packed 

m1  |cu  tt  ) 

1.7(4741 

U  147.41 

Seaworthy  packing  %  of  net  weight 

*■ 

7* 

7*  _ 

H  •  manual  Fla-  nlnclMC  DL  » comprrsarH  .nf  F  » ittrMiA 


lies  i 


Fit  412 

I 


6 

■mi  dotimm 
2,344 


2,600  2.450  2  000 
TOO  104  iu 
(I  tail  12  007)  (2.205* 


41 

47  m  42 

17  n  B2 

444  4J4  (L2? 

)  (9444)  (90.1  It  (99.1  Bt 


1600 

1.400 

2000 

2.150 

2.300 

2500 

2.660 

2  600 

1  600 

1  900 

2000 

2.150 

2100 

2.600 

2660 

2400 

40 

7*2 

to 

u 

u 

100 

1Ql« 

1U 

6t?b 

7.5 

8.3 

435 

9.6 

104 

1105 

11.7 

||UB1)  (1.4171 11.5751  (1.493)  (1.110)  (1.909)  (2.047)  (2  205) 

(1  230)  (1  476)  (1  633)  (1.761)  H  1701(2.047)  (2.175)  (2.303)  | 

•1 

n 

40 

44 

44 

tf 

112 

123 

130 

IN 

. 

Ui 

Ul 

9.10 

9.3 

9.14 

903 

808 

M2 

I92J2I  191.741 190X1  I49J2I  (66.761 

(132,2)  (1300)  (128.4)  (126JI  |12?J6) 

•6 

77 

M 

44 

94 

99 

- 

_ 

140 

119 

130 

IN 

142 

146 

_ 

_ 

M 
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40 

44 

144 

144 

104 

114 

144 

m 

137 

144 

142 

100 

180 

140 

- 

- 

- 

- 

103 

144 

1M 

114 

- 

- 

- 

- 

142 

180 

180 

140 

4.92 

602 

6J6 

8.2* 

9.71 

9A1 

8.87 

849 

I9M3I  (94.161  (90X1  191041 

(138.1)  (13381  (126.1)  (119.3)  | 

1.500 

1.650 

1.500 

1.500 

650-700 

650  -  700 

(00/(70(3,)U/4'*rf 

(07/(76(4!W4'1U 

6.6613461 

6.17(373.61 

17 

166 

157(C452) 

157.0(0.352* 

164(0367) 

181.5(0,361 1 

182(0.408) 

1740(0.3891 

0  1  ?  (0.765) 

0.i4i0.309i 

ii.m.F 

11.  ou 

28°  7  34° 

28*734® 

20'7  30° 

TO"/ 30° 

Ooich 

Bench 

3mch 

8nch 

4 36(959) 

485(1069) 

445(981) 

515(1135) 

1.*»(4?.4) 

1-1(450) 

76 

75 
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MODEL 
F4L  912 


F5L  912 
F6L  912 


BF6L913 


B 

MM  (Inches) 

663 

(25*.) 

663 

(25*.) 

663 

(25*.) 

709 

(2754) 


lide 
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Exhaust  Side 

1  c  ling  fan 

2  cooling  fins 

3  piston  and  (direct  injection 
type)  combustion  chamber 

4  light  metal  cylinder  head  and 
inlet/outlet  valve  assy. 

5  rocker  arm 

6  induction  manifold 

7  exhaust  manifold 

8  pushrod  and  duct  assy. 

9  camshaft 

1 0  flywheei  and  ring  gear  assy. 

1 1  crankshaft  and  counterweight 
assy. 

1 2  sump 

13  lube  oil  pump 

1 4  timing  gear  train 

1 5  cooling  fan 


-is 

su 


Service  Side 

1  oil  bath  type  air  cleaner  and 
preliminary  filter  assy. 

2  injectors 

3  cylinder  head  cover 

4  finned  cylinder  barrel 

5  block-type  oil  cooler 

6  fuel  filter 

7  lube  oil  filter 

8  governor  and  speed  control 
lever  assy. 

9  dipstick 

1 0  fuel  lift  pump 

1 1  fuel  injection  pump 

1 2  timing  gear  train 

13  lube  oil  pump 

1 4  dynamo/altemator 

15  cooling  fan 


Cylinder  Diesel  Engine 
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Table  2-3 

Llater  Diesel  Specifications 


ENGINE 

HR2 

HR3 

HR4 

HR6 

HRS6 

BF  )9:1958  2200  rev/min 

29.5 

44.25 

69 

88.5 

— 

(bhp)  rating  2000  rev /min 

27.5 

41.25 

55 

82.5 

102 

1800  rev/min 

25.0 

37.5 

50 

75.0 

96 

1500  rev/min 

21.5 

32.25 

43 

64.5 

80 

1200  rav/min 

17.0 

26.5 

34 

51.0 

— 

Din  'B'  (PS)  2200  rev/min 

32.9 

49.3 

65.8 

98.7 

— 

rating  2000  rev/min 

30.7 

46 

61 .3 

92 

113.8 

1800  rev/min 

27.9 

41.8 

55.8 

83.6 

107.1 

Maximum  gross  b.h.p.  at  2200 

rev/min 

36.75 

55 

73.5 

111 

— 

Num.  •  ?  cylinders 

2 

3 

4 

6 

6 

Bore  x  .  ■  'ke  mm  (in.)  ... 

107.95  x  114.3  (4*x4i) 

Displacement — litres  (in’) 

2.09 

3.135 

4.18 

6.27 

6.27 

(127.5) 

(191.25) 

(255) 

(382.E) 

(382.5) 

b.m.e.p.  150^  rev/min — bar  (Ibf  in*) 

6.13 

7.53 

(88.9) 

(109.2) 

Fuel  consumption  at  full  load 

— g/bhp/hr  (Ib/bhp/hr) 

2200  rev/min . 

206  (0.45) 

197  (0.43) 

187  (0.41) 

185  (0.40) 

1800  rev/min  ... 

188  (0.41) 

181  (0.40) 

177  <0.39) 

176  (0.38) 

175  (0.38) 

1500  rev/min  ... 

180  (0.40) 

178  (0.39) 

176  (0.39) 

174  (0.38) 

174  (0.38) 

Lubricating  oil  consumption 

Leas  than  0.75%  of  full  load  fuel  consumption 

Weight  of  bare  engine  kg. 

280 

370 

432 

560 

626 

lb. 

620 

820 

960 

1245 

1380 

i 
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Figure  2-5 

Power  Curves  for  Lister  Diesel  Engines 
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The  appropriate  Garrett  model  ia  the  GTP36-51,  a  75-hp  turbine  used 
mainly  to  drive  the  alternator  in  military  portable  generator  sets.  The 
principal  specifications  are  shown  in  Figure  2-6,  and  a  cross-section  of 
the  engine  is  shown  in  Figure  2-7.  (The  dotted  lire  in  Figure  2-5  repre¬ 
sents  an  alternator  and  should  be  ignored  for  this  application.)  Output 
speeds  ranging  from  1500  to  12,000  rpm  can  be  obtained  with  optional  gear¬ 
boxes.  The  nominal  speed  can  be  varied  about  ±10%  by  manipulating  the  fuel 
control  spring. 

The  corresponding  Turbomach  machine  is  the  T-62T-32  version  of  the 
Titan.  The  principal  specifications  and  dimensions  are  given  in  Figure 
2-8,  and  a  cutaway  view  is  shewn  in  Figure  2-9.  Because  the  output  pad  on 
the  existing  gearbox  runs  at  8000  rpm,  an  adaptor  would  be  required  to  drop 
the  speed  to  the  2500-rpm  range  of  Interest.  This  would  add  about  4  in. 
to  the  output  pad,  which  would  increase  the  overall  length  of  the  engine 
only  slightly.  Turbomach  states  that  the  speed  can  be  varied  from  70%  to 
100%  of  nominal  through  a  throttling  arrangement  on  the  engine  governor. 

A  much  more  detailed  tradeoff  analysis  would  be  needed  to  select 
between  these  comparable  units,  once  the  actual  application  and  require¬ 
ments  have  been  established.  However,  it  can  be  seen  that  they  are  quite 
similar  to  one  another  and  can  be  compared  with  the  available  diesels  as 
suitable  primary  power  sources. 

As  noted  before,  the  major  advantages  of  the  gas  turbine  over  the 
diesel  are: 

•  its  ability  to  be  stored  upside  down  without  adverse  effect 
or  requiring  preparation  prior  to  subsequent  use,  and 

•  its  low  weight  and  small  size  for  a  given  power  level. 
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Cmv> 


ENVELOPE  DATA 


. . . . . —  u.»  — —  — .  . 

non  i  ummbiom  mb  wtmmn 


MIMTt  <MBOMMKtU)  m  U' (MV>  MM*  MBA:  10.  (  N.  IN. 

tXMUR  MIA  I  11. 1  to.  IN.  («  IN.  DXA.) 


PERFORMANCE  DATA  AND  LEADING 
PARTICULARS: 

TUELSi  KEROSENE  (JET  FUELS)  AND  DIESEL 

FUELS.  UNLEADED  GASOLINE,  LEADED 
GASOLINE  (EMERGENCY) 

OILS:  NUMEROUS  MINERAL  AND  SYNTHETIC 
OILS  ARE  APPROVED 

DIRECTION  OF  ROTATION!  CCW  (FACING 

OUTPUT  PAD) 

SHAFT  HP:  (SEA  LEVEL.  60°F  DAY) 

*o  CONTINUOUS  DUTY!  75  HP 
**o  STANDBY  DUTYi  82  HP 

SPEED:  80,000  RPM 

•CONTINUOUS  DUTY.  THE  RATING  FOR  LONG¬ 
LIFE  ECONOMICAL  PERFORMANCE  WITH  CON¬ 
TINUOUS  HEAVY  DUTY  LOADS. 

••STANDBY  DUTY.  THE  MAXIMUJ  HORSE¬ 
POWER  OBTAINED  WITH  REDUCED  LIFE, 

WITHOUT  SIGNIFICANTLY  DEGRADING 
ENGINE  RELIABILITY. 


STANDARD  FEATURES: 

o  FULL  CONTAINMENT- COMPRESSOR  AND  TURBINE 
o  SINGLE  CAN  -  FIELD  REPLACEABLE  COMBUSTOR 
O  IGNITION  SYSTEM  -  LON  ENERGY 
O  LUBE  SYSTEM  -  EXCEPT  HBAT  EXCHANGER 
O  FUEL  SYSTEM  -  LOW  PRESSURE 
O  OVERSPEED  AND  OVERTEMP  PROTECTIVE  SENSORS 
(NONOPOLE  AND  THERMOCOUPLE) 

O  ELECTRICAL  STARTER  -  24  VDC 
O  OUTPUT  PAD  -  SAE  J617A-4 

O  OUTPUT  PAD  SPEED  -  3(00/3000  RPM,  BUILT-IN  GEAR 
CHANGE 

o  3%  SPEED  ADJUSTMENT 
O  OIL  LEVEL  DIPSTICK 

O  CAST  PARTS  -  TURBINE  AND  COMPRESSOR 

-  TURBINE  HOUSING 

-  COMPRESSOR  INLET  AND  SCROLL 

-  GEARBOX 

OPTIONAL  FEATURES: 

o  ELECTRONIC  LOGIC  PACKAGE  (MATED  TO  ACCEPT  STANDARD 
MALFUNCTION  INDICATOR  AND  START/OPBRATION/Sl'EED 
CONTROL  FUNCTIONS) 

O  GRAVITY  FEED  FUEL  TANK 

O  50/60  HZ,  30  KW  GENERATOR  WITH  REGULATOR  AND 
BATTERY  CHARGER 

o  OUTPUT  SPEEDS:  1500,  1800,  (000,  8000,  12,000  RPM 

o  OUTPUT  PAD  -  AND  20006-10  OR  AND  20002-5 
O  OUTPUT  SHAFT 


Figure  2-6 

Preliminary  Specifications  for  Garrett  Turbine.  Model  GTP36-51 
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PERFORMANCE  SHOWN  IS  FOR  SEA  LEVEL 
OPERATION  WITH  NO  INSTALLATION 
LOSSES 

ALTITUDE  PERFORMANCE  MAY  BE  ESTIMATED  3  75 

BY  REDUCING  HORSEPOWER  SHOWN  ON  CURVE  > 

BY  3%  FOR  EVERY  1000  FT.  CAIN  IN  3 

ALTITUDE  TO  10,000  FT.  » 

8  «5 


j  CONTINOUS  DUTY  RATING  1660  *F 
STANDBY  DUTY  RATING  1750  *F  1AJ 

t  MINIMUM  — \ -  1  J  —  1 

OUTPUT  SHAFT  /  \/  f 
PONER,  SHP/J-lOyftrTC  > 


NOTES  t 

1.  FUEL  LONER  HEATING  VALUE 
EQUALS  18,400  BTU/LB 

2.  ENGINE  INLET  TOTAL  PRESSURE 
EQUALS  STATIC  PRESSURE  AT 
ENGINE  EXHAUST  EQUALS 
AMBIENT  PRESSURE 

3.  OUTPUT  SHAFT  SPEED  EQUALS 
3600  RPM 

4.  DELTA  EQUALS  ENGINE  INLET  TOTAL 
PRESSURE,  IN.  HG  ABS,  DIVIDED 
BY  29.92 


S  55 


120* ENGINE  INLET 
TEMP. , *F| 


CUSTOMER  INSTALLATION  CONSIDERATIONS 


FUEL  REQUIREMENTS: 

SUPPLY  PRESSURE  -  LIQUID  - 
TEMPERATURE  - 

ELECTRICAL  REQUIREMENTS: 

STARTING  • 

OPERATION  - 

OPERATING  ENVIRONMENTS: 

TEMPERATURE  -  ENGINE  INLET  AIR  - 
ALTITUDE  - 

NOMINAL  EXHAUST  -  GAS  CHARACTERISTICS: 
FLOW  - 

TEMPERATURE  - 
LUBRICATION  REQUIREMENTS: 

CAPACITY  - 


GRAVITY  TO  20  PSIG 
-65°  TO  +140°F 


24  V  CONSISTING  OF  2  SERIES  2  HN  BATTERIES 
OR  EQUIVALENT  -  45  AMP-HR  SUPPLY 

1I-30V  D.C. 

-65°F  TO  ♦120°F  ,  > 

SEA  LEVEL  TO  10,000  FT  (30  TO  20  IN  HG) 


0.92  LB/SEC  (721  CFM) 
1200°F 


Figure  2-6  (Conti.) 


5  QUARTS,  HEAT  EXCHANGER  SUED  FOR  120  BTU/MIN  #  2.5  GPM 
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Source:  Solar  Caa  Turbinaa  Div.,  International  Harvaatar  Co.  t  ; 


T-62T-32A 

T-62T-32 

1 

4 

Rotational  Speed  (rpm) 

72,226 

61,091 

~  I 

Air  Flow  (lb/s) 

1.45 

2.14 

i 

i 

Pressure  Ratio 

5.5 

3.9 

i 

l 

1 

Compressor  Efficiency  ( X ) 

78 

76 

Turf  e  Inlet  Temperature  (#F) 

1360 

1240 

i 

Turbine  Efficiency  (X) 

86.5 

84 

*  *■  i 

Turbine  Exhaust  Temperature  (°F) 

820 

840 

j 

Output  Power  (hp) 

90.3 

90.3 

i 

Output  Pad  Speed  (rpm) 

8000 

8000 

^  ! 

Fuel  Flow  (lb/hr) 

68.3 

103 

Fuel  Flow  at  Max.  Power  (lb/hr) 

109 

140 

-  ■ 

Max.  Turbine  Inlet  Temp.  (°F) 

1840 

1600 

Max.  Power  (hp) 

160 

150 

.  a  - 

Best  SFC  (lb/hp-hr) 

0.68 

0.93 

Overhaul  Life  (hr) 

6000 

1500 

Figure  2-8 

Turbomach  Turbine  Specifications 
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Tnrhomach  Turbine  —  Cutaway  View 


While  these  are  worthwhile  advantages,  they  carry  with  them  the 
following  penalties  or  disadvantages: 

•  limited  speed  control,  making  the  use  of  a  variable  speed 
drive  and/or  a  clutch  likely; 

•  extremely  hot  exhaust  gases; 

•  sophisticated  maintenance  procedures;  and 

•  about  twice  the  fuel  consumption  of  a  comparable  diesel. 

For  these  reasons,  it  may  be  concluded  that  the  air-cooled  diesel 
would  be  the  preferred  primary  power  source  except  in  specific  cases  where 
the  turbine  must  be  used  to  permit  inverted  storage  or  to  fit  in  a  re¬ 
stricted  space.  In  these  cases,  it  can  be  expected  that,  unlike  the 
diesel,  an  experimental  development  program  will  be  required  to  adapt  the  j 

gas  turbine  to  the  bridge  drive  system. 


2.4  THRUSTERS 

2.4.1  General  Discussion 

As  noted  earlier,  the  requirement  that  the  bridge  module  operate  in 
shallow  water  and  the  limitations  imposed  by  the  joining  of  individual 
modules  makes  it  necessary  for  the  thrust  or  propulsion  unit  to  be  either 
flush  with  the  bottom  of  the  module  or  Installed  at  the  bow  and  stern 
below  the  waterline. 

Since  the  Schottel  Pump-Jet  is  the  only  thruster  we  found  that  can  be 
mounted  flush  with  the  bottom  of  the  module,  it  was  designated  as  the  base¬ 
line  thruster  for  the  proposed  system.  Other  possibilities  include  the 
Dowty  Jet  Thruster  and  various  outboard- type  propeller  drives. 

2.4.2  Schottel  Pump-Jet 

The  Schottel  Pump-Jet  is  basically  a  special  mixed-flow  pump  designed 
to  mount  flush  with  the  bottom  of  a  boat,  as  shown  in  Figure  2-10.  A 


i 

) 


1 
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Schottel  Pump-Jet  Mounted 


1  IHIMf 


cutaway  drawing  of  the  Pump-Jet  is  shown  in  Figure  2-11.  Water  enters 
axially  (vertically  upward),  its  energy  is  increased,  and  it  is  discharged 
tangentially  with  a  downward  component.  The  tangential  discharge  direction 
can  be  rotated  360°  about  the  vertical  axis  by  rotating  the  inner  pump 
casing,  giving  complete  directional  control. 

The  standard  unit  is  the  SPJ-50,  which  requires  a  1200-mm  (47.2  in.) 
diameter  opening  in  the  hull  bottom.  The  major  specifications  for  this 
unit  are  given  in  Figure  2-12.  The  maximum  thrust  of  10,000  Newtons 
(2248  lb)  is  considerably  more  than  that  required  for  a  bridge  module, 
especially  if  two  units  are  provided  for  maximum  control. 

A  smaller  special  unit,  the  SPJ-32,  was  developed  by  Schottel  for  a 
German  Army  bridge  pontoon.  This  unit,  described  in  Figure  2-13,  requires 
a  hull  opening  of  1100  mm  (43.3  in.)  diameter  and  produces  a  maximum  thrust 
of  7000  Newtons  or  1574  lb,  still  somewhat  large  for  this  application. 

The  Schottel-Werf t  factory  in  Spay/Rhein,  Germany  was  contacted  to 
determine  if  a  smaller  unit  could  be  designed  which  would  be  capable  of  a 
maximum  thrust  of  1000  lb,  consistent  with  the  requirements  of  each  thruster 
in  a  bridge  module.  The  result  was  the  proposed  SPJ-20  unit  (Figure  2-14), 
which  would  produce  966  lb  (4300  N)  thrust  at  2800  rpm.  The  shaft  power 
would  be  67  hp  (50  kW)  at  2800  rpm.  This  compact  unit  would  require  a  hull 
opening  of  only  860  mm  (34  in.)  and  would  have  an  overall  height  of  520  mm 
(20.5  in.). 

The  overall  height  of  the  developed  SPJ-32  can  also  be  reduced,  by 
means  of  a  right-angle  steering  drive,  to  650  mm  (25.6  in.).  As  shown  in 
Figure  2-15,  this  unit  is  capable  of  900  lb  thrust  at  a  shaft  speed  of 
2100  rpm  and  a  shaft  power  of  60  hp. 
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Cutaway  View  of  Schottel  Pump-Jet 
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Input  Torque  (Nm) 

500 

Input  Speed  (rpm) 

2300 

Loss  of  Displacement 

(kg)  ~200 

Thrust  (N) 

~10,000 

Weight  (kg) 

'*'250 

Figure  2-12 

Scnottel  SPJ-50  Specifications 
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(All  dimensions  in  millimeters) 


Input  Power  (kW)  50 

Input  Torque  (Nm)  174 

Input  Speed  (rpm)  2800 

t  (N)  4300 

Weight  (kg)  90  (Al) 

190  (GGG) 


» 


] 
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Figure  2-14 

Schottel  SPJ-20  Specifications 
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Figure  2-15 

Schottel  SPJ-32  Thrust  vs  Shaft  Speed 
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Thus,  either  the  developed  SPJ-32  or  the  proposed  SPJ-20  can  be  used 
for  the  bridge  module.  While  the  latter  would  be  more  compact.  It  would 
require  higher  shaft  speed  and  Input  power  to  develop  the  necessary  thrust. 
2.4.3  Dowty  Jet  Thruster 

A  jet  pump  thruster  with  an  axial  configuration  is  manufactured  by 
Dowty  Hydraulic  Units  Ltd.,  Gloucestershire,  United  Kingdom.  These  units 
are  produced  In  300-mm  (12-in.)  and  400-mm  (16-in.)  Impeller  diameters, 
and  each  is  available  with  one  or  two  axial  pump  stages.  The  size  of 
interest  for  this  application  is  the  300-nra  unit  (Figure  2-16) .  Perform¬ 
ance  curves  for  the  single-stage  unit  are  shown  in  Figure  2-17. 

The  Dowty  Hydrojet  combines  an  axial  flow  pump  with  a  steerable  nozzle. 
The  latter  provides  side-to-side  steering  over  a  100°  included  angle. 

Astern  or  neutral  thrust  is  obtained  by  changing  the  position  of  a  scoop 
or  hood  over  the  nozzle. 

The  overall  length  of  the  single-stage  unit  inside  the  transom  is 
approximately  40  inches,  and  the  height  required  inside  the  hull  is  about 
16  inches. 

Because  the  primary  thrust  of  this  unit  is  axial,  it  would  have  to 
be  located  in  the  bow  and  stern  sections  of  a  bridge  module.  Thus,  it  is 
not  as  convenient  as  the  Schottel  unit  for  the  three-piece  module.  In 
addition,  it  does  not  provide  as  flexible  steering,  being  limited  to  150° 
about  the  nozzle  centerline,  or  a  total  of  200°  considering  both  ahead 
and  astern  thrust. 

However,  for  the  Ribbon  Bridge,  where  all  sections  of  the  module  are 
stored  in  positions  90®  from  the  operating  position  and  a  gas  turbine 
acquires  some  advantages,  the  Dowty  unit  has  a  potentially  unique  feature: 
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All  dimensions  in  millimeters 
with  inch  equivalents  in  brackets 


Unit  Type 


Dimension  X 
mm  I  in 


Weight 
kg  |  ib 


Single-stage 


•Two -stage 


300/40 

300/60 

300/40-40 

300/40-60 


337 

337 

633 

533 


13  3 
1 3  3 

21 

21 


96 

96 

136 

136 

136 


210 

210 

300 

300 


VerieHo«»*Thf\iet 
wtth  Fenwef*  Speed 


40-Fine  Pitch  Impeller 
60-Coerse  Pitch  Impeller 


Source;  Dowty  Hydraulic  Units  Ltd. 


Figure  2-17 

Typical  Performance  Curves  for  Dowty  Single-Stage  Hydrojets 
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the  reversing  scoop  csn  be  used  to  modulate  the  noesle  thrust.  The  scoop 
has  a  neutral  position  where  no  thrust  is  provided  and,  presumably,  can  be 
used  to  regulate  speed.  This  is  an  important  advantage  when  used  with  a 
gas  turbine,  which  provides  limited  variation  of  shaft  speed.  Thus,  the 
Dowty  unit  should  be  considered  as  a  candidate  for  use  with  a  gas  turbine 
primary  power  source. 

2.4.4  Outboard  Propeller  Drives 

A  number  of  outboard  propeller  drives  are  available  on  the  market. 
Most  of  the  standard  units  are  designed  for  powerful  engines  and  are 
configured  to  mount  on  the  deck  of  a  barge,  with  the  propeller  extending 
below  the  waterline  and  the  engine  on  the  deck. 

Figure  2-18  shows  a  Schottel  SRP-12  thruster  connected  to  a  diesel 
engine,  (A  similar  unit  is  made  by  Murray  &  Tregurtha  of  Quincy,  Mass., 
among  others.) 

Technical  specifications  for  the  Schottel  SRP-12  unit  driven  by  four 
different  engines  are  listed  in  Table  2-4.  The  thrust  obtainable  with  a 
500-mm  (19.7-in.)  diameter  propeller  is  26  lb/hp;  thus,  a  properly  matched 
35-hp  engine  could  produce  the  desired  900-lb  thrust. 

For  use  in  a  bridge  module,  the  prime  mover  must  be  located  inside 
the  hull  with  the  drive  shaft  extending  through  the  hull  at  the  bow  and 
stern.  For  proper  adapting  to  a  bridge  module,  a  special  outboard  package 
would  undoubtedly  be  required,  but  this  could  probably  be  based  upon  one 
of  the  standard  packages,  such  as  those  listed  in  Table  2-4,  with  compar¬ 
able  thrust  performance. 

For  a  three-ponton  bridge  module,  the  only  advantage  of  an  outboard 
drive  unit  would  appear  to  be  its  higher  thrust  efficiency  (26  lb/hp 
versus  about  13  lb/hp  for  the  Schottel  Pump-Jet) .  This  would,  of  course. 
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allow  a  smaller  engine.  The  penalties  for  this  efficiency  ares 

«  mandatory  location  in  the  bow  and  stern  sections  of  the  module; 

•  inconvenience  in  operation  in  shallow  water;  and 

•  vulnerability  to  damage  from  floating  objects. 

For  these  reasons,  the  outboard  is  not  recommended  as  a  thruster  for 
the  bridge  module  in  any  case  where  a  jet  thruster  and  matched  primary 
power  unit  can  be  used. 

2.5  THRUSTER-ENGINE  MATCHING 
2.5.1  Schottel  Pump-Jet 

From  Figure  2-15  it  can  be  seen  that  the  Schottel  SPJ-32  thruster 
absorbs  60  hp  at  the  point  where  it  is  capable  of  producing  900  lb  of 
thrust.  The  shaft  speed  at  this  operating  point  is  2100  rpm. 

Referring  back  to  Table  2-2,  it  can  be  seen  that  the  four-cylinder 
Deutz  diesel.  Model  F4L912,  is  capable  of  providing  over  60  hp  at  2100 
rpm  under  intermittent  conditions  but  that  the  five-cylinder  engine. 

Model  F5L912,  would  be  required  for  continuous  thrust  at  900  lb.  If 
900  lb  of  thrust  per  unit  or  1800  lb  per  bridge  module  is  required  for 
station-keeping  in  a  strong  current,  continuous  duty  would  be  required. 

The  SPJ-32  can  also  operate  at  up  to  2800  rpm.  Comparing  Figure  2-15 
with  Table  2-2  shows  that  intermittent  operation  up  to  2600  rpm  would  be 
possible  with  the  six-cylinder  engine.  Model  F6L912.  Figure  2-15  shows 
that  this  will  provide  a  peak  thrust,  when  needed,  of  about  1300  lb. 

In  summary,  the  optimum  engine  for  the  Schottel  SPJ-32  is  the  Deutz 
F6L912  where  there  is  sufficient  room  to  mount  it.  If  space  is  limited, 
the  five-cylinder  engine,  Model  F5L912,  can  be  used  to  meet  the  nominal 
900  lb/ thruster  requirement. 
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If  the  thrust  requirement  is  reduced  to  1300  lb/bridge  module  or 
650  lb/ thruster,  the  SPJ-32  can  be  operated  at  1900  rpm,  which  requires 
only  40  hp.  This  can  be  supplied  by  the  four-cylinder  engine,  Model  F4L912. 

The  SPJ-20  Pump- Jet  requires  57  hp  at  2800  rpm  to  achieve  a  900-lb 
thrust.  However,  as  none  of  the  Deutz  diesels  is  rated  for  continuous 
duty  at  2800  rpm,  a  gearbox  with  a  small  gear  ratio  would  be  required  to 
obtain  this  thrust  level.  The  F5L912  engine  would  likely  be  sufficient  to 
supply  the  shaft  power.  Although  no  power  absorption  curve  is  available 
at  this  time,  downrating  the  unit  to  650  lb  would  probably  allow  operation 
at  a  shaft  speed  of  about  2500  rpm,  which  would  only  require  an  F4L912  or 
smaller  engine. 

2.5.2  Dowty  Jet  Thruster 

Optimum  use  of  the  Dowty  thruster,  as  noted  earlier,  is  obtained  with 
a  gas  turbine  drive.  To  achieve  a  static  thrust  of  900  lb  per  unit,  the 
Model  300  requires  about  50  hp,  which  it  can  absorb  at  about  1800  rpm. 

Both  of  the  gas  turbines  described  in  Section  2.3.3  are  capable  of 
providing  shaft  power  well  in  excess  of  50  hp.  Proper  matching  would  only 
require  that  the  gas  turbine  (Garrett  GTP36-51  or  Turbomach  T-62T-32)  be 
obtained  with  a  gearbox  providing  1800-rpm  shaft  speed  to  the  Dowty  unit. 
The  thrust  would  then  have  to  be  reduced  by  adjusting  the  reversing  scoop 
on  the  thruster. 

If  the  Dowty  unit  were  driven  by  a  Deutz  diesel,  the  required  continu¬ 
ous  power  at  1800  rpm  places  the  operating  point  just  above  the  capability 
of  the  four-cylinder  Model  F4L912.  Thus,  either  a  four-  or  five-cylinder 
engine  could  be  used.  Downgrading  the  thrust  to  650  lb  would  appear  to 
allow  the  use  of  the  three-cylinder  engine. 
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2.5.3  Outboard  Propeller  Drives 


Again,  optimum  use  of  the  outboard  propeller  drive  for  the  bridge 
module  is  with  a  gas  turbine  drive.  Taking  the  Schottel  thrust  character¬ 
istic  of  26  lb/hp,  a  900-lb  thrust  requires  a  shaft  power  level  of  35  hp, 
which  is  well  within  the  capability  of  the  Garrett  or  Turbomach  gas  turbine 
with  an  appropriate  gearbox.  In  fact,  the  much  smaller  Turbomach  Gemini 
gas  turbine  might  be  suitable. 

Since  the  gas  turbine  permits  very  little  variation  of  speed  and, 
thus,  thrust,  a  variable-speed  drive  of  some  type  would  be  required  between 
it  and  the  propeller  thruster.  Speed  variation  could  be  provided  by  a  d-c 
generator  and  motor,  a  hydraulic  slip- type  drive,  or  a  mechanical  variable- 
speed  drive;  in  the  35-hp  range,  however,  all  of  these  alternatives  are 
large,  heavy,  and  costly. 

Another  alternative  is  to  use  a  thruster  with  a  variable-pitch  pro¬ 
peller.  Although  no  standard  controllable-pitch  propellers  are  made  in 
the  size  range  of  interest,  the  technology  is  available  and  a  system  could 
easily  be  obtained  in  the  quantities  of  interest. 

With  a  propeller  drive,  the  power  is  reduced  to  the  point  where  the 
three-cylinder  diesel  engine  could  probably  be  matched  at  maximum  shi  ft 
speed  and  the  four-cylinder  would  be  ample.  Reduction  of  the  thrust 
requirement  to  650  lb/unit  would  allow  use  of  the  three-cylinder  engine. 
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3.  RIBBON  BRIDGE  WITH  INTEGRAL  PROPULSION 

3.1  INTRODUCTION 

The  Ribbon  Bridge  is  a  complete  and  mature  system  now  in  the  Amy 
inventory.  Since  original  definition  of  the  system,  conditions  and  emphasis 
have  changed;  thus,  some  modifications  and  improvements  of  the  bridge 
characteristics  would  be  desirable.  The  current  model  of  the  bridge  could 
become  outmoded  around  1993,  but  a  major  product  improvement  program  could 
take  half  of  the  remaining  12  years  to  produce  changes  in  the  field. 
Developing  a  new  Wet  Support  Bridge  configuration  or  concept  and  carrying 
it  forward  through  the  several  stages  to  deployment  would,  of  course,  take 
much  longer  and  probably  would  coincide  reasonably  well  with  the  expected 
obsolescence  of  the  Ribbon  Bridge;  however,  in  this  case,  the  Amy  would 
lack  a  bridge  with  improved  capabilities  for  perhaps  six  years. 

Potential  changes  and  improvements  to  the  Ribbon  Bridge  system  must 
be  viewed  and  evaluated  in  this  context.  Some  of  the  alternatives  sug¬ 
gested  in  this  report  may  be  too  complex  or  costly  in  view  of  the  overall 
expected  life  of  the  system,  but  others  may  be  worth  investigating.  How¬ 
ever,  the  current  Ribbon  Bridge  is  a  complex  system  with  many  inter¬ 
relationships  between  bridge  components,  transporters,  and  expected  en¬ 
vironmental  constraints,  both  on  land  and  in  the  water;  a  change  at  any 
point  in  the  system  can  have  far-reaching  effects.  We  shall  trace  these 
effects  as  far  as  ws  can  identify  them  and,  if  possible,  quantify  them. 

3.2  DESCRIPTION  OF  PRESENT  SYSTEM 

The  major  component,  the  interior  bay,  consists  of  two  roadway  pon¬ 
tons  and  two  bow  pontons,  hinged  to  fold  into  a  "W"  configuration.  Each 
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bay  is  6.92  m  (22  ft  8.5  in.)  long  and  8.15  m  (26  ft  8  in.)  wide  in  un¬ 
folded  position.*  When  folded,  it  is  3.22  m  (10  ft  6.6  in.)  wide  at  the 
base  plus  projecting  pads  that  bring  it  close  to  3.5  m  (11  ft  6  in.)  in 
width.  Height  is  2.31  (7  ft  7  in.)  when  folded.  Weight  is  5443  kg 
(12,000  lb).  These  dimensions  largely  are  governed  by  the  roadability  of 
the  standard  5-ton  Army  chassis  which  is  the  basis  of  the  transporter  and 
by  the  constraints  of  the  expected  area  of  transport.  The  maximum  interior 
height  of  a  roadway  ponton  of  an  interior  bay  is  0.69  m  (27  in.),  which 
is  reduced  in  many  places  by  structural  members.  The  principal  tension 
member  runs  along  the  bottom  of  this  ponton  along  its  centerline  and  may 
not  be  interrupted. 

The  8.2  m  (27-ft)  Bridge  Erection  Boat  is  also  carried  on  a  5-ton 
truck  and  weighs  3090  kg  (6800  lb)  with  cradle.  It  is  powered  by  two  90-hp 
engines,  draws  slightly  over  one  meter  of  water,  and  is  propeller-driven. 

It  is  allocated  to  bridge  companies  at  a  ratio  of  about  one  boat  per  three 
bridge  bays.  It  is  designed  to  develop  3500  lb  of  thrust  (1590  kg). 

3.3  POTENTIAL  AREAS  OF  IMPROVEMENT 

Improvement  of  the  Ribbon  Bridge  is  desired  in  two  principal  areas: 

(1)  Logistics:  A  shift  in  tactical  approach  and  a  need  to  reduce 
the  volume  of  the  supply  chain  point  toward  integral  propulsion 
of  the  bridge  bays.  This  would  give  better  rafting  capabilities 
and  would  largely  eliminate  the  need  for  erection  boats. 

(2)  Water  Velocity  Limitations:  Imposition  of  the  requirement  that 
the  Ribbon  Bridge  be  able  to  carry  Military  Load  Class  70  further 
limits  the  water  velocity  in  which  it  can  be  used;  The  two 

*Note  that  "length"  and  "width"  are  measured  in  relation  to  the  length  and 
width  of  the  assembled  bridge;  i.e.,  the  "length"  is  measured  in  the  direc¬ 
tion  traveled  by  vehicles  on  the  bridge,  and  the  ‘‘width"  is  the  distance 
between  the  tips  of  the  bow  pontons. 
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characteristics  are  mutually  conflicting,  and  both  are  adversely 
affected  by  any  weight  increase  associated  with  integral  prop- 
pulsion. 

Various  aspects  of  these  two  topics  and  possible  alternative  ap¬ 
proaches  are  discussed  in  detail  below. 

3.4  INTEGRAL  PROPULSION  ALTERNATIVES 

To  be  effective,  a  propeller-type  drive  must  extend  into  the  water 
flow.  While  in  a  bridge,  it  must  not  extend  beneath  the  bottom,  where  it 
might  be  damaged  at  launch  or  low  water.  It  cannot  be  at  the  sides  where 
the  bay  is  joined  to  adjacent  units.  Possibly  it  could  be  under  the  rake 
of  the  bows,  but  even  then  it  would  have  to  be  retractable,  aa  this  sur¬ 
face  forms  part  of  the  envelope  of  the  bay  in  folded  mode.  The  Pacific 
Car  &  Foundry  study  on  use  of  two  outboard  engines  modified  to  rotate  into 
recesses  into  the  bow  pontons  is  an  example  of  this  approach.  However, 
close  examination  of  the  restrictions  imposed  by  the  current  Ribbon  Bridge 
design  indicates  the  incomparable  advantages  of  the  Schottel  Pump-Jet 
type  of  propulsor:  it  is  the  only  type  of  propulsion  subsystem  that  does 
not  project  beyond  the  limits  of  the  ponton  and  therefore  does  not  require 
any  retraction  arrangement. 

The  roadway  and  walkway  surfaces  of  the  four  pontons  of  the  interior 
bay  all  mate  when  the  bay  is  folded  into  its  "W"  configuration.  The 
bottoms  of  the  two  central  roadway  pontons  also  mate.  The  undersides  of 
the  bows  (the  "rakes")  and  the  vertical  sides  of  all  four  pontons  must  be 
considered  as  immersed  surfaces  when  the  unit  is  afloat;  except  for  the 
small  freeboard,  they  are  underwater  and  cannot  be  penetrated.  Yet,  with 
a  short  cycle  of  trair.ing/use/ storage/maintenance,  the  prime  mover  Inside 
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the  pontons  must  be  accessible,  both  when  the  bay  is  folded  and  when  it 
is  afloat.  Watertight  bolted  patch-plates  are  a  possible  solution  but 
are  not  practicable  because  of  the  need  for  operational  readiness  on  short 
notice.  An  access  port  in  the  middle  of  the  roadway  could  be  used  when 
the  bay  is  open,  but  a  second  access  for  use  when  the  bay  is  stored  would 
compromise  the  readiness  and  integrity  of  the  unit. 

A  prime  mover  within  a  roadway  ponton  is  limited  in  height  to  less 
than  .69  m  (27  in.).  Most  diesel  engines  in  the  required  power  range  stand 
higher,  but  an  air-cooled  engine  of  suitable  size  might  be  found.  The  other 
major  problem  with  diesel  engines  is  that  in  the  stowed  position  of  the 
pontons  they  will  be  tipped  90°  from  their  normal  operating  position. 

This  is  mainly  a  crankcase/oil  sump  problem  and  would  probably  require  a 
design  change.  According  to  industry  information,  most  engines  can  be 
tilted  no  more  than  about  20°  during  operation  or  (presumably)  extended 
storage. 

Gas  turbines  provide  an  alternative  as  prime  movers  and  permit  some 
savings  in  weight  and  space  if  they  drive  controllable-pitch  propellers  to 
avoid  variable-speed  gears.  They  about  double  the  fuel  consumption,  how¬ 
ever,  and  greatly  increase  the  complexity  of  the  drive  and  gearing.  They 
can  be  stowed  in  any  position,  but  they  are  more  costly.  Noise  and  exhaust 
problems  are  more  severe  than  with  the  diesel,  and  the  intake  air  must  be 
cleaned  more  thoroughly. 

The  gasoline-fueled  outboard  installation  suggested  by  Pacific  Gas 
and  Foundry  is  not  considered  further  because  of  the  fuel,  because  it  ap¬ 
pears  to  be  underpowered,  and  because  the  retraction  mechanism  is  vul¬ 
nerable  and  the  recesses  increase  the  f.loodability — if  not  the  initial 
huoyancy — of  the  pontons. 
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Although  no  Schottel  Pump-Jet  of  the  specified  output  is  now  in  pro¬ 
duction,  we  estimate  that  such  a  unit  might  be  about  1  m  (36-40  in.)  in 
diameter  and  could  be  accommodated.  With  appropriate  design,  the  height 
could  be  limited  to  fit  into  the  roadway  ponton. 

We  also  estimate  that  the  overall  weight  of  one  such  unit  would  be 
about  1000  lb.  In  addition,  there  might  be  250  lb  of  fluid  in  the  unit 
and  perhaps  200  lb  of  foundation  structure  plus  300  lb  of  fuel  and  fuel 
system,  making  a  total  of  1750  lb  each  or  3500  lb  total  (1591  kg).  This, 
in  turn,  would  increase  the  draft  of  the  bay  by  1.6  in.  (4  cm)  and  would 
reduce  the  maximum  lift  capacity  of  the  bay  by  about  4Z,  in  a  static 
situation. 

The  concept  of  an  outdrive  has  not  been  examined  extensively,  because 
it  would  seriously  violate  the  folded  envelope  of  the  bay.  Provided  an 
engine  small  enough  to  fit  into  the  bow  ponton  could  be  found,  and  provided 
the  structure  of  the  bow  ponton  could  be  reinforced  for  the  load,  an  in¬ 
board/outboard  drive  such  as  used  on  the  Mobile  Assault  Bridge  units  could 
be  installed  under  the  rake  of  the  bows.  The  engine  3nd  horizontal  axis 
swivel  would  be  to  one  side  of  the  ponton.  When  "retracted,"  the  unit 
would  house  horizontally  against  the  undersurface  of  the  bow  ponton  or  the 
rake.  Since  it  might  be  submerged  even  then,  it  would  have  to  be  suitably 
protected.  By  rotating  it  90°,  the  unit  would  be  lowered  to  about  the 
level  of  the  bottom  of  the  bay.  Propeller  protection  and  increased 
thrust  would  be  provided  by  a  shroud  or  nozzle,  but  the  unit  would  still 
be  vulnerable  to  impact  from  debris.  In  deployed  mode,  access  could  be 
achieved  from  the  walkway;  in  folded  mode,  the  same  access  difficulties 
would  be  encountered  with  the  other  alternatives.  Weight  problems  would 
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be  similar,  and  the  prime  mover  would  also  be  tilted  90°  between  the  two 
modes.  How  much  this  extension  outside  of  the  folded  envelope  would  affect 
transportability  has  not  been  examined  closely.  The  unit  would  remain 
within  the  base  width  and  height  of  the  folded  bay's  cross-section  but 
would  protrude  from  the  bow  sections,  tapering  toward  the  top,  and  would 
raise  the  center  of  gravity.  A  sketch  of  a  possible  arrangement  with  gas 
turbine  is  provided  in  Figure  3-1. 

Most  notably,  a  Schottel  unit  in  the  roadway  ponton  or  an  outdrive  in 
a  bow  ponton  would  raise  the  weight  of  the  bay  from  6.0  tons  to  somewhat 
over  7  tons  (not  including  fuel  and  other  fluids  for  the  propulsion  unit) . 
The  present  5- ton  truck  operates  at  reduced  performance  under  the  current 
overload.  The  question  would  arise  whether  the  5- ton  chassis  could  be 
strengthened  in  the  areas  of  suspension  and  drive  train  and  axles  to  handle 
a  7-ton  load  at  a  reasonable  cost — especially  in  view  of  the  expected  life 
span  of  these  standard  vehicles,  which  have  been  in  inventory  for  close  to 
20  years — or  whether  such  an  increase  implies  a  direct  switch  to  the  10-ton 
8x8  transporter,  which  will  cost  approximately  $125,000  in  1982. 
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In  summary,  accommodation  of  the  preferred  Schottel  unit  in  the  roadway 
ponton  or  the  outdrive  unit  in  the  bow  ponton  would  require  appreciable  re¬ 
construction  of  the  ponton  structure;  installation  would  not  be  a  simple 
backfitting  job.  The  access  question  is  most  serious  and  does  not  appear 
to  have  a  satisfactory  solution  which  retains  the  structural  and  watertight 
integrity  of  the  unit  nor  its  readiness  condition  on  short  notice.  The 
added  weight  problem  carries  over  into  both  bay  performance  and  transporter 
capability  and  selection.  Introduction  of  self-propulsion  into  bays  of 
current  configuration  and  envelope  requires  considerable  redesign  of  the 
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particular  bay  and  enhances  one  capability  at  the  expense  of  several 
others. 

*  : 

3.5  HYDRODYNAMIC  PERFORMANCE 

The  capability  of  the  present  bridge  is  best  illustrated  by  Figures 
3-2,  and  3-3,  which  represent  data  from  recent  field  tests.  With  the 
introduction  of  the  Abrams  Tank,  the  bridge  must  be  able  to  carry  Class 
70  loads.  The  remaining  trade-offs  concern  any  additional  weights  that 
might  be  placed  in  the  bridge,  which  would  further  degrade  its  hydrodynamic 
performance. 

The  shape  of  the  rake  of  the  bow  pontons  is  one  of  the  factors  that 
affect  build-up  of  a  bow  wave  in  front  of  the  bay.  As  the  relative  speed 
between  water  and  bridge  Increases,  this  wave  suddenly  spills  over  the  bow 
and  suddenly  thereafter  the  bow  tends  to  dive.  Thi9  phenomenon  has  long 
been  recognized  with  towed  or  (particularly)  pushed  barges  and  has  been 
found  to  be  sensitive  to  angle  of  rake  and  shape  of  the  bow.  Note  also 
in  the  bridge  configuration  the  bays  form  a  continuous  structure  of  uniform 
cross-section;  the  flow  past  the.  bridge  becomes  almost  two-dimensional. 

However,  in  the  rafting  mode  the  flow  is  more  analogous  to  that  about  a 
ship  and  has  large  components  in  the  third  dimension,  transverse  to  the 
principal  direction  of  motion. 

The  shape  of  the  bow  pontons  of  the  present  Ribbon  Bridge  is  tied  to 
the  folding  scheme  and  to  the  transportation  envelope.  We  do  not  see  any 
simple  way  to  alter  the  characteristics  of  the  bow  without  interfering 
with  those  other  aspects  of  the  system. 

For  example,  if  the  bow  ponton  were  extended,  even  at  the  present 
angle  of  rake,  it  most  probably  would  ride  better,  but  its  weight  and 

i 
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Figure  3-2 


Bridge  and  Raft  Rating  Curves  for  Dynamic  Loading 
bv  Tracked  Vehicles  —  Load  Fully  Eccentric 
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Bridge  and  Raft  Rating  Curves  for  Dynamic  Loading 
by  Tracked  Vehicles  —  Centered  Load 
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folded  height  would  Increase.  If  the  angle  of  rake  were  decreased  and  the 
bow  were  extended  In  length,  the  situation  most  certainly  would  be  improved, 
but  the  configuration  limits  would  be  changed  entirely.  If  temporary 
extensions  were  used,  such  as  collapsible  bow  bulkheads  or  inflatable 
bladders,  some  gains  might  be  achieved,  but  performance  degradation  would 
be  more  abrupt  after  the  velocity  limits  had  been  reached.  Again,  weight 
would  be  added  as  well  as  complexity  and  cost. 

It  is  very  difficult  to  predict  the  exact  performance  of  different 
bow  configura cions,  especially  in  the  bridging  mode,  and  full-scale  tests 
are  prohibitively  expensive.  Model  tests,  however,  are  reasonably  simple, 
cheap,  and  rapid.  The  desired  information  could  be  obtained  without  the 
most  sophisticated  of  towing  tanks  or  the  largest  of  models,  and  quite  a 
number  of  institutions  could  perform  such  work. 

fit  this  time,  improvement  of  Ribbon  Bridge  capabilities  appears  to 
require  a  redesign  effort.  Our  examination  indicates  that  this  would 
result  in  a  unit  somewhat  different  from  the  present  bridge.  The  maximum 
overall  dimensional  requirement  probably  would  change,  which  would  affect 
the  transportation  envelope.  The  weight  might  also  be  greater  bringing 
the  transporter  question  back  into  the  problem. 

Inasmuch  as  the  bridge  will  be  required  to  operate  under  maximum  load, 
the  buoyancy  of  the  individual  pontons  should  be  assured.  At  present,  they 
are  vulnerable  to  damage  from  debris  or  from  grounding  on  hard  objects  on 
the  river  bottom,  as  well  as  to  small  arms  fire.  The  bilge  pump  has  limited 
capabilities  and  requires  the  attention  of  personnel.  An  obvious  solution 
is  to  foam  the  inside  of  the  ponton  voids.  The  foam  can  be  made  fire- 
retardant.  However,  the  problem  of  weight  immediately  arises  again:  foam 
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weighs  about  two  pounds  per  cubic  foot,  which  would  add  about  1000  lb  to  the 
weight  of  a  roadway  bay.  In  a  self-propelled  unit  with  the  engine  inside 
the  ponton,  this  weight  would  be  proportionately  less.  Here  also,  the 
interrelation  of  bridge  capability,  reliability  and  safety,  transportability, 
and  survivability  must  be  considered. 

3.6  GIMBALLED  PROPULSION  PODS 

We  have  previously  mentioned  the  problem  of  having  a  diesel  prime 
mover  operating  in  one  position  and  having  to  be  stowed  90°  from  that 
position  when  the  ponton  is  folded.  This,  together  with  the  need  for 
access  in  both  positions,  led  to  the  consideration  of  using  a  glmballed 
propulsion  pod,  which  would  permit  the  engine  and  pump- jet  to  remain  in 
their  normal  positions  at  all  times. 

In  one  version,  (Figure  3-4)  this  pod  is  located  between  the  two  road¬ 
way  pontons  and  contains  both  engines  and  pump- jets.  Since  its  depth  would 
be  the  3ame  as  that  of  the  roadway  pontons,  an  engine  would  have  to  be 
found  that  fit  into  this  space.  The  geometry  of  the  problem  indicates  that 
if  the  trunnions  of  this  pod  were  in  line  with  the  hinge  at  the  bottom  of 
the  two  roadway  pontons,  the  pod  would  project  above  the  folded  envelope 
a  distance  equal  to  the  depth  of  the  ponton.  To  minimize  this  projection, 
the  trunnions  or  other  supporting  device  would  have  to  be  movable  so  that 
the  pod  could  be  lowered  into  a  void  within  the  roadway  pontons.  While  the 
pod  itself  would  be  a  watertight  enclosure,  the  void  into  which  it  would  be 
lowered  would  be  an  open  space,  reducing  the  buoyancy  of  the  bridge.  The 
mechanism  for  lowering  (or  lifting)  would  add  weight.  The  critical  charac¬ 
teristics  of  bridge  capacity  and  velocity  capability  would  be  impaired. 

Furthermore,  this  approach  would  require  appreciable  redesign  of  the  roadway 
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pontons,  as  contrasted  to  reconstruction  or  modification.  ' 
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In  a  second  version,  two  glmballed  or  rotating  propulsion  units  are 
located  in  the  bow  pontons.  Each  bow  ponton  of  the  bay  is  recessed,  and 
this  recess  would  be  closed  off  by  appropriate  bulkheads  on  either  side. 

One  propulsion  unit  in  an  appropriate  enclosure  would  be  fitted  into  each 
recess.  Preliminary  layout  studies,  as  shown  in  Figure  3-5,  indicate  that 
the  pump- jet  would  protrude  from  the  rake  of  the  bow  ponton  and  could  be 
fitted  properly;  that  most  probably  a  conventional  diesel  engine  would 
require  that  a  small  area  of  the  bow  ponton  walkway  surface  be  raised;  and 
that  the  diesel  in  rotated  position  would  protrude  from  the  rake  of  the 
bow  when  the  bay  is  folded.  Provided  the  latter  is  within  the  maximum 
width  of  the  envelope  and  not  beyond  the  maximum  envelope  height,  this  may 
be  permissible.  The  weight  problem  and  its  relation  to  degradation  of 
bridge  performance  as  well  as  overload  of  the  5-tcn  truck  transporter 
remains.  Another  factor,  which  can  only  be  speculated  upon  at  this  time. 

Is  the  folding  and  unfolding  process  with  this  added  weight  in  the  bow 
pontons.  The  dynamics  of  the  unfolding  place  high  inertial  loads  upon 
the  components;  since  greater  weight  would  Increase  these  loads,  the  ponton 
structure  as  well  as  the  propulsion  system  would  require  examination  from 
this  viewpoint. 

3.7  LOAD/FREEBOARD/SPEED  RELATIONSHIPS 

A  series  of  tests  conducted  during  1979  and  1980  are  covered  in  the 
report  "Ribbon  Bridge  Rating  Test  for  Bridge  and  Raft  Configurations", 

Report  2317,  by  Dan  Causey,  Jr.,  and  Carlos  A.  Piad,  MERADCOM,  January  1981. 
In  summary,  the  report  concludes  that  the  bridge  is  capable  of  carrying  a 
Class  70  load  in  a  current  of  7  ft/s;  a  5-bay  conventional  raft  can 
operate  in  a  current  of  up  to  8  ft/s  with  an  MLC  70.  The  bridge  can 
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Gimballed  Pump-Jet  in  Bow  Ponton  (Ribbon  Bridge  Interior  Bay) 


operate  with  some  sections  submerged  under  a  traveling  load,  since  its 
torsional  strength  provides  stability;  rafts,  on  the  other  hand,  are  more 
sensitive  to  bow  waves  on  deck,  and  a  risk  situation  is  quickly  reached 
under  this  condition. 

The  following  sentences  are  quoted  from  page  69  of  the  report:  "The 
result  of  the  bridge  testing,  raft  testing,  and  correlation  of  all  data  on 
the  EDT  (Engineer  Design  Test)  results  was  a  determination  that  the  Ribbon 
Bridge  has  sufficient  freeboard  to  sustain  the  MLC  70  loads  with  no  negative 
freeboards  up  to  7  ft/s.  The  bridge  would  begin  to  lose  capacity  at  this 
current,  and  the  freeboard  would  control  the  rating  from  this  point." 

Graphs  from  Appendix  %  of  the  above  report  (shown  here  as  Figures  3-2 
and  3-3)  illustrate  the  load/freeboard/speed  relationship.  Note  the  steep 
slope  of  the  curves  beyond  4-5  ft/s  and  the  increasing  decrement  of  free¬ 
board  . 

To  relate  the  propulsion  problem  to  these  curves,  if  each  bay  has  a 
lightweight  increase  of  two  tons  due  to  the  installation — or,  conversely,  if 
it  loses  two  tons  of  load-carrying  capability  out  of  about  20  such  tons — 
the  total  loss  for  a  five-bay  raft  would  be  10  tons.  This  is  the  equiva¬ 
lent  of  a  change  between  an  MLC  70  and  MLC  80  load.  From  Figure  3-2,  pro¬ 
ceeding  from  the  rated  6  ft/s  for  the  MLC  70  to  the  MLC  80  curve  at  con¬ 
stant  freeboard,  there  would  be  a  0.6  ft/s  reduction  in  stream  velocity. 
Thus,  at  this  point  the  10%  reduction  in  load-carrying  capacity  of  the 
raft  would  be  accompanied  by  a  10%  reduction  in  the  permissible  water  speed. 
3.8  STATIC  CAPACITY  OF  INTERIOR  BAYS 

Although  Figures  3-2  and  3-3  are  plotted  in  terms  of  minimum  bow  free¬ 
board  versus  stream  velocity,  some  salient  considerations  become  apparent 
from  the  static  characteristics  of  the  units. 
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The  light  draft,  from  the  lowest  point  of  the  bow  ponton  of  an  interior 
bay,  has  been  calculated  by  us  from  the  shape  and  dimensions  to  be  8  inches 
at  a  lightweight  of  six  tons.  This  agrees  with  the  provided  Information 
and  confirms  the  values  used  in  our  computation. 

If  the  maximum  permissible  draft  to  the  bottom  of  the  main  roadway 
structure  is  30  inches,  the  bay  has  a  deadweight  capacity  of  28.1  ST.  If 
the  maximum  permissible  draft  is  32  inches,  which  would  be  within  one  inch 
of  the  upper  roadway  surface,  the  capacity  rises  to  about  31.8  ST.  Three 
bays  would  be  required  to  support  a  balanced  MLC  70  statically  with  dry 
roadway  surface. 

An  increase  in  weight  of  about  1.75  ST  for  a  two-propulsor  installation 
reduces  the  deadweight  capacity  of  the  bay  to  26.3  ST  and  29.3  ST  for  the 
two  drafts  respectively,  which  might  make  a  fourth  bay  necessary  if  a  full 
70  tons  had  to  be  supported.  Since  neither  equal  distribution  among  the 
bays  nor  exact  positioning  and  balancing  are  to  be  expected,  a  lower 
capacity  must  be  used  to  allow  a  safety  margin. 

Foaming  of  the  bays  with  material  at  two  pounds  per  cubic  foot  would 
add  approximately  0.5  ST  to  the  lightweight  per  day;  this  would  reduce  the 
deadweight  capacity  coramensurately  or  increase  the  draft  by  0.4  in.  at  the 
load  deep  draft. 

3.9 

The  several  improvements  examined  so  far  involve  either  extensive 
redesign  or  a  weight  increase  that  penalizes  as  much  ar3  it  benefits  the 
system.  As  an  expedient  which  does  not  interfere  with  the  characteristics 
of  the  Ribbon  Bridge  as  now  configured  and  which  might  be  considered  as  an 
addition  that  partially  solves  the  problems,  we  suggest  a  separate  powered 
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unit.  This  differs  from  a  Bridge  Erection  Boat  in  that  it  can  be  inte¬ 
grated  into  the  bridge  or  ferry  as  well  as  used  independently.  The  dif¬ 
ficulties  that  emerged  during  our  search  for  ways  to  fit  integral  propul¬ 
sion  into  the  pontons  of  the  standard  Ribbon  Bridge  suggested  the  concept 
of  a  separate  self-propelled  unit  which  would  fit  into  the  Ribbon  Bridge 
system  but  which  might  avoid  some  of  the  problems  of  space,  buoyancy, 
transport  weight,  and  engine  access  and  psoition.  Figures  3-6  and  3-7  are 
sketches  of  some  early  ideas;  both  were  discarded  because  they  provided 
insufficient  benefit  to  justify  exceeding  the  transport  length  limit. 

A  more  practicable  concept  is  shown  in  Figure  3-8.  This  unit  is  fully 
powered  and  steerable.  It  is  transportable  on  the  standard  M812  5- ton 
chassis  and  falls  within  the  transportable  envelope  of  the  bridge  units. 

Its  draft  is  comparable  to  that  of  the  bridge  units,  and  it  provides  most 
of  the  functions  of  a  Construction  Boat. 

To  provide  sufficient  buoyancy,  and  also  to  fit  into  the  road  envelope, 
the  hull  must  be  sectionalized.  In  this  design,  however,  only  the  bow 
ponton  is  hinged;  the  roadway  ponton  is  in  one  piece.  When  unfolded,  the 
distance  between  the  tips  of  the  bow  pontons  will  be  greater  than  in  an 
interior  bay,  but  the  unit  will  be  only  about  half  as  large  in  the  other 
dimension.  For  propulsion,  two  Schottel  Pump-Jets  are  proposed.  In  pro¬ 
file,  the  unit  will  resemble  an  interior  bay  with  an  extended  bow  and 
stern.  The  hinge  and  locking  mechanisms  will  match  those  used  on  standard 
interior  bays;  the  protruding  pads  and  pins  may  present  some  design  prob¬ 
lems  and  inefficiencies  but  are  a  reasonable  trade-off  for  the  utility  of 
the  craft. 
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Source:  ADL  Dwg.  SK-52081-3 

Figure  3-6 

Three-Part  Integral  Propulsion  Interior  Bay  for  Ribbon  Bridge 
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Lsii.n  Bay  with  Folding  Bow  Pontons  (Half-Bay)  for  Ribbon  Bridge/Raft 


The  design  of  the  protruding  bow  and  the  method  of  folding  should  be 
noted.  The  single-ponton  mid-body  or  roadway  ponton  is  approximately  22 
feet  by  10  feet  and  houses  the  two  propulsion  units.  The  two  bow  pontons, 
which  are  buoyancy  units  except  for  the  space  occupied  by  the  operating/ 
control  stations,  stow  on  top  of  the  roadway  ponton.  Since  each  of  these 
hinged  pontons  is  7  ft  long,  the  extended  length  of  the  bay  or  boat  is 
36  ft;  in  the  folded  mode  a  clear  deck  space  of  8  ft  on  the  roadway  sur¬ 
face  permits  access  to  the  propulsion  units. 

A  bow  protruding  from  a  line  of  standard  bays  will  tend  to  deflect  a 
bow  wave  to  either  side,  thus  increasing  the  bow  wave  on  the  standard  bays 
and  aggravating  this  critical  situation.  Even  a  bow  with  a  low  rake  would 
have  this  tendency,  and  a  bow  with  a  finite  entrance  angle  to  the  water- 
planes  obviously  generates  a  flow  with  an  outward  component ,  We  therefore 
suggest  further  investigation  of  what  is  known,  among  various  names,  as  a 
tunnel  bow,  which  consists  of  an  inverted  V-shaped  bottom  at  the  after  end 
of  the  bow  ponton,  where  it  mates  with  the  flat-bottomed  roadway  ponton. 
Moreover,  such  a  bow  can  be  designed  with  developable  surfaces — that  is, 
with  curved  surfaces  that  bend  in  only  one  direction.  These  can  be  formed 
on  plate  rollers  and  do  not  require  the  heating  and  forming  used  for  double- 
curved  surfaces.  Such  shapes  are  within  common  steel  fabrication  capabili¬ 
ties.  Figure  3-9  indicates  how  these  surfaces  are  designed  and  the  types 
of  curves  that  result.  A  flat-surface,  constant  "V"  also  could  be  used  but 
would  result  in  a  sharp  knuckle  at  the  baseline.  A  combination  of  the 
two  shapes  would  also  be  possible. 

This  type  of  bow  has  two  additional  advantages:  (1)  the  two  fore  feet 
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Figure  3-9 

Generated  Surface  of  Tunnel  Bow 


the  width  at  deck  level  provides  a  good  bow  shape  when  the  craft  is  used 
as  a  pusher  tug  for  other  floating  equipment.  The  best  lines  for  the 
inverted  "V"  would  have  to  be  developed  by  model  tests. 

The  simplest  method  of  articulating  the  bows  would  be  to  hinge  them 
at  deck  level,  as  in  Figure  3-10.  From  first  estimates  of  the  dimensions 
and  geometry  of  such  an  arrangement,  unfolding  of  a  bow  would  require  that 
its  center  of  gravity  be  raised  about  two  feet,  after  which  it  would  drop 
about  four  feet.  Some  of  this  energy  input  and  output  can  be  equalized 
by  use  of  a  torsion  bar  or  torsional  spring. 

Another  approach  would  be  to  keep  the  bow  section  horizontal  and  let 
it  be  supported  on  trunnions  and  arms,  with  secondary  free  arms  to  form  a 
parallelogram  as  in  Figure  3-11.  The  energy  relations  remain  the  same. 
While  the  bow  section  or  the  trunnion  arms  rotate  180°  in  either  scheme, 
the  peak  elevation  of  the  center  of  gravity  of  the  bow  section  does  not 
come  at  the  90°  point;  therefore  it  is  not  feasible  to  balance  the  system 
completely  by  a  torsion  bar. 

If  the  bows  are  extended  after  the  unit  has  been  launched,  an  addi¬ 
tional  energy  requirement  appears.  The  midbody  initially  will  float  at  a 
draft  greater  than  the  extended  craft.  As  the  bows  are  unfolded,  energy 
must  be  expended  to  depress  the  bow  sections  and  to  raise  the  midbody  until 
all  three  sections  float  at  a  uniform  draft.  During  retraction  of  the  bows 
this  energy  could  be  recovered,  since  this  is  a  reversible  process.  Never¬ 
theless,  it  complicates  the  extension  process  in  water.  The  quantities  of 
energy  in  and  out  during  each  part  of  the  cycle  can  be  calculated  pre¬ 
cisely  once  the  dimensions  and  weights  of  the  sections  of  the  craft  are 
determined.  Further  explanation  of  this  calculation  is  given  in  section 
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Figure  3-10 

Hinged  Bow  Ponton  in  Stowed  and  Deployed  Modes 


In  the  hinged  case,  a  shaft  drive  geared  to  a  hydraulic  motor  might  be 
appropriate,  with  a  hydraulic  pump  fitted  to  one  of  the  main  air-cooled 
diesels.  The  hydraulic  system,  if  fitted  with  an  accumulator  of  sufficient 
size,  also  could  serve  as  an  energy  storage  device.  Cable  operation  of  the 
folding/unfolding  mechanism  is  feasible,  but  the  geometry  indicates  that 
protrusion  above  the  deck  would  occur,  with  attendant  increases  in  vulner¬ 
ability  and  obstruction  to  traffic.  A  hydraulic-mechanical  or  electro¬ 
mechanical  drive  still  would  be  required. 

In  the  trunnion  arrangement  of  Figure  3-11,  a  geared  hydraulic  motor 
drive  likewise  is  Indicated.  In  both  cases,  hydraulic  hand  pumps  can  be 
installed  for  emergency  use  when  the  main  engines  are  inoperable.  Direct 
hydraulic  piston  actuation  may  be  feasible,  but  the  180°  movement  and  the 
nature  of  the  craft  suggest  that  it  would  be  extremely  difficult  to  fit 
the  pistons  internally  in  a  protected  location. 

From  preliminary  layouts,  the  hinged  approach  appears  to  provide  a 
simpler  and  more  secure  seating  arrangement  in  the  folded  mode.  The 
principal  concern  in  this  scheme  is  restraint  or  control  of  the  bow  section 
as  it  drops  from  its  highest  elevation.  Impact  with  the  water  or  the 
midbody  could  generate  destructive  inertial  forces.  For  deployment  in 
water,  power  must  again  be  supplied  near  the  end  of  the  travel  to  complete 
the  motion  of  the  bow  section. 

3.10  ENERGY  RELATIONSHIPS  IN  BOW  DEPLOYMENT  AND  RETRACTION 

The  moment  exerted  by  the  ponton  at  the  hinge  du,>  o  gravity  depends 
on  its  weight  and  the  position  of  the  center  of  gravity  (its  distance  from 
the  hinge  and  the  angle  a  line  joining  the  two  makes  to  a  horizontal 
reference).  At  0°  or  180*  this  moment  is  maximum,  while  at  the  90*  point 
it  is  0;  this  is  a  simple  cosine  relationship  (Figure  3-12). 
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Legend 

-  Ponton,  by  gravity 

-  Provided  by  torque  bar 

-  Buoyancy  in  water 

Maximum  moment,  M  «  Wd  ■  1.0 
where 

W  *  Weight  of  bow  section 

d  ■  Distance  from  hinge  to 
center  of  gravity  of 
bow  section 


Figure  3-12 

Typical  Energy  Relationships  in  Bow  Deployment  and  Retraction 
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In  the  stowed  position  the  Initial  angle  between  the  horizontal  and 
the  hinge-CG  line  is  at  some  value  greater  than  zero,  and  in  the  fully 
extended  position  the  angle  is  greater  than  180°.  There  is  a  constant 
phase-angle  difference  between  angle  of  travel  of  the  bow  section  and  the 
cosine  function  of  the  moment. 

From  the  stowed  position  at  0°  travel  to  the  zero-moment  point,  the 
area  under  the  sinusoidal  curve  represents  work  which  must  be  put  into 
the  system  to  raise  the  ponton  to  its  upper  netural  position.  The  analo¬ 
gous  area  to  the  right  of  the  zero-moment  point  represents  work  which  the 
ponton  releases  as  it  descends  to  the  extended  position  under  the  force 
of  gravity. 

A  torque  bar  or  linear  torsional  spring  at  the  hinge  can  be  set  to 
have  the  effects  shown,  i.e.,  to  exert  a  torque  equal  to  the  maximum  moments 
at  the  same  angular  points  and  zero  torque  at  the  zero-moment  point.  The 
energy  input  and  output  quantities  are  greatly  reduced  as  the  spring  stores 
the  energy  required  and  released  by  the  ponton. 

If  the  bow  is  extended  in  water,  its  buoyancy  will  necessitate  addi¬ 
tional  energy  input  at  the  end  of  the  extension  travel  (indicated  by  the 
dashed  line  In  Figure  3-12).  During  retraction  or  stowing,  the  energy 
Inputs  and  outputs  are  reversed. 

To  illustrate  the  approximate  values,  assume  the  bow  ponton  weighs 
1500  pounds  and  is  7  feet  long  and  2.5  feet  deep,  with  the  center  of 
gravity  about  3.72  feet  from  its  hinge  and  19.65°  above  the  horizontal 
from  the  hinge.  The  maximum  moment  (at  an  angle  of  travel  of  160.35°) 
would  be  1500  x  3.72  ■  5580  ft-lb.  The  energy  requirements  are  derived 
by  direct  integration  of  the  curve:  the  area  from  0°  to  70.35°  travel 
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requires  an  input  of  3701  ft-lb,  while  from  that  netural  point  to  the 
seating  at  180°  returns  7445  ft-lb. 

With  the  counteracting  effect  of  a  torsion  spring  (diagonal  line  in 
Figure  3-12),  the  initial  energy  input  between  0°  and  70.35°  is  reduced  to 
1026  ft-lb  and  there  is  an  energy  return  of  1198  ft-lb  between  70.35°  and 
160.35°  of  travel. 

From  160.35°  to  seating  at  180°,  a  small  energy  input  of  245  ft-lb 
is  required  when  the  system  is  deployed  in  air.  However,  when  deployed  in 
water,  this  final  increment  increases  to  approximately  1200  ft-lb;  the 
exact  value  depends  on  various  characteristics  of  the  center  and  bow 
pontons. 

For  the  1500-pound  ponton  with  a  7-ft  by  2. 5- ft  profile  and  a  torsion 
bar  spring,  the  following  matrix  sums  up  these  results: 

Deployment  (Read  Down) 

Energy  In  Energy  Out 

In  Air:  1271  1198  (foot  pounds) 

Afloat:  2226  1198 

Energy  Out  Energy  In 

Retraction  (Read  Up) 

3.11  INTERCONNECTION 

One  of  the  complications  which  arise  from  this  concept  is  that  although 
the  standard  interior  bays  and  the  powered  units  have  different  light  weights 
and  different  waterplane  areas  (or  tons  per  inch  immersion),  their  drafts 
must  be  equalized  when  the  two  are  to  be  connected. 

The  standard  interior  bay  draws  8.8  inches  in  light  condition.  The 
powered  unit  with  dimensions  as  indicated  and  a  weight  of  5.5  ST  draws 
7.8  inches.  (Even  in  folded  mode,  it  draws  only  9.3  inches.)  At  15.8  Inches 
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draft  the  unit  displaces  11.5  ST.  If  the  unit  were  to  be  connected  to  one 
or  more  interior  bays,  its  draft  would  have  to  be  increased  to  8.8  inches  by 
addition  of  0.66  ST  of  ballast.  If  this  weight  could  be  removed  after  the 
units  are  connected,  it  would  provide  additional  lifting  power  for  the  bridge 
or  raft. 

Ballasting  could,  of  course,  be  avoided  by  altering  the  proportions  of 

beam  and  draft  of  the  powered  unit;  however,  its  dimensions  are  essential  to 

the  system  and  should  not  be  changed.  A  simpler  solution  lies  in  equipping 

the  powered  unit  with  ballast  tanks  large  enough  to  increase  the  draft  to 

3 

the  required  3.8  inches.  In  fresh  water,  one  short  ton  equals  32.14  ft  » 

3 

therefore,  tanks  with  a  volume  of  22  ft  (165  gal)  would  be  required.  To 
permit  rapid  ballasting  and  deballasting,  a  small  pump  would  be  required. 

Even  if  the  pump  were  driven  off  the  main  diesels,  the  piping,  valving,  and 
pump  would  add  several  hundred  pounds  to  the  weight  of  the  unit. 

When  empty,  the  ballast  tanks  would  serve  as  watertight  voids,  and 
the  ballast  pump  could  be  used  as  a  bilge  pump  in  case  of  damage.  The  vari¬ 
able  ballast  feature  permits  matching  the  draft  of  the  unit  to  that  of  the 
standard  units  or  varying  the  extra  support  given  by  the  powered  units  to 
the  array. 

3.12  PREFERRED  ALTERNATIVE  (SECOND  CONFIGURATION) 

The  conceptual  design  of  the  powered  unit  was  developed  under  the 
assumption  that  broadside  movement  of  rafts  was  the  conventional  mode. 

Since  the  most  severe  flow  velocities  in  this  case  coincide  with  the  flow 
directions  encountered  by  the  roadway  bays  when  emplaced  in  a  fixed  bridge, 
the  bow  sections  of  the  proposed  powered  units  were,  on  the  one  hand, 
removed  from  strict  lengthwise  constraints,  but  on  the  other  hand,  required 
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special  treatment  to  prevent  further  interference  with  the  non-powered  bays. 
These  projecting  bows  were  desirable  to  Increase  bouyancy  and  to  provide 
additional  volume  and  deck  space  for  operational  and  control  functions. 

However,  it  now  appears  that  longitudinal  rafting  would  be  more 
desirable;  the  earlier  emphasis  on  broadside  rafting  originates  from 
behavior  of  the  equipment  rather  than  from  operational  reasons.  Accordingly, 
the  first  configuration  of  the  powered  units  is  not  sufficiently  flexible. 

To  permit  either  mode  of  rafting  (and,  of  course,  bridging), we  have  examined 
a  second  configuration  of  the  concept  that  entails  penalties  of  less  buoyancy 
and  less  deck  space.  The  salient  features  of  this  configuration  are  as 
follows: 

a.  Its  profile  is  identical  to  that  of  the  extended  Ribbon  Bridge 
interior  bay,  8.16  m  (28.6  ft)  in  overall  length,  with  two 
exceptions: 

•  The  draft  of  the  midbody  is  carried  to  the  full  depth  of 
the  bottom  of  the  bulge  on  the  Ribbon  Bridge  bay  bow 
pontons — that  is,  the  depth  of  the  midsection  is  in¬ 
creased  by  about  4  inches. 

•  One  walkway  is  raised  about  4  in.  to  accommodate  a  hinge 
line  and  a  buried  or  hidden  hinge  mechanism. 

b.  The  craft  has  one  retractable  bow  only,  of  about  1.43  m 
(4.7  ft)  length,  which  brings  the  stowed  length  of  the  unit 
within  the  permissible  road  transport  length  and  is  analogous 
to  the  7-m  length  of  the  Ribbon  Bridge  interior  bay. 

c.  When  connected  to  one  or  more  Ribbon  Bridge  bays,  the  craft 
will  present  continuous  roadway  and  rake  surfaces.  The  4-inch 
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bottom  difference  will  cause  some  additional  drag  when 
in  the  longitudinal  rafting  mode,  but  this  can  be  alleviated 
by  rounded  bilge  chines. 

d.  The  power  source  for  a  full-powered  craft,  i.e,,  one  with 
thrust  equal  to  that  of  a  Bridge  Erection  Boar  or  sufficient 
to  propel  two  interior  bays  under  worst  conditions,  remains 
the  most  severe  problem.  When  the  Schottel  Pump-Jet  (SPJ-50) 
is  used,  about  ISO  hp  is  required  to  produce  this  thrust  at 
2300  rpm.  The  further  changes  which  result  from  this  problem 
are  discussed  in  later  paragraphs. 

With  this  smaller  craft,  it  is  desirable  to  consider  the  beam  in  the 
light  of  two  factors: 

a.  Its  draft  must  be  slightly  less  than  that  of  the  interior 
bays  when  the  craft  is  launched,  so  that  it  can  be  ballasted, 
if  necessary,  to  match.  If  it  has  a  greater  draft,  the  con¬ 
necting  process  would  become  impractical. 

b.  The  proportion  of  length  to  beam  must  remain  within  a  reason¬ 
able  range  in  order  for  the  craft  to  remain  maneuverable  when 
operating  as  a  boat. 

Assuming  that  the  boat  on  launch  (with  fuel  on  board)  has  a  total 
weight  of  6.0  ST  and  a  beam  of  10  ft,  it  would  draw  about  11.7  inches. 

Some  4000  lb  of  extra  buoyancy  would  be  required  to  reduce  the  draft  to 
8. a  in  to  match  the  light  launching  draft  of  the  interior  bay.  Extrapo¬ 
lation  indicates  that  with  a  beam  of  15  ft,  the  boat  would  have  a  draft  of 
8.8  inches.  However,  transport  restrictions  limit  the  maximum  beam  to 
11.5  ft,  which  would  require  2800  lb  (1.4  ST)  of  additional  bouyancy  to 
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provide  an  8. 8- in.  draft.  This  could  be  achieved  by  lowering  the  bottom 
3.5  in.  further — that  is,  increasing  the  draft  of  the  boat  7.5  inches  beyond 
the  flat  bottom  of  the  interior  bay.  When  submerged  to  the  bottom  of  the 
roadway,  such  a  craft  would  have  a  deadweight  capacity  of  about  12.9  ST  on 
11.5-ft  beam  or  12.0  ST  on  an  11.0-ft  beam. 

For  geometrically  similar  shapes,  structural  weight  may  be  estimated 
to  vary  as  the  square  of  a  linear  dimension  or,  in  the  case  of  floating 
craft,  as  the  2/3  power  of  displacement.  In  the  case  of  this  particular 
craft,  where  the  profile  is  almost  identical,  two  of  three  dimensions  are 
similar  and  structural  weight  would  vary  as  the  beam  of  the  craft. 

Assuming  an  11-ft  beam,  a  preliminary  weight  estimate  can  be  made  as 


follows: 

Proportion  of  width  (in  feet):  11.0/22.7  -  .4846 

Proportioned  weight  (in  ST):  6.0  x  .4846  ■  2.9075 

10%  increase  for  added  longitudinal  strength:  .2908 

Powered  hinge,  less  2  passive  hinges,  500  lb:  .2500 

Hull  subtotal  3.4483 

2  sets  propulsion  (PJ  +  diesel  @  2000  lb  ea.):  2.00 

Fuel  (50  gal  @  7  lb/gal  ea.)  0.35 

Control  and  navigation:  1.15 

Total  6.9483  ST 

Margin  0.0517  ST 


The  greatest  interior  height  within  the  standard  interior  bay  is  26  inches. 
The  probable  height  within  the  proposed  configuration  is  30  in.  and  may  be 

33  inches.  Air-cooled  diesel  engines  in  the  150-bhp  range  are  at  least 

34  in.  high.  Even  the  liquid-cooled  90°  V-8  Caterpillar  engine,  Model  3208, 
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is  33.6  in.  high.  It  is  evident  that  if  a  diesel  of  any  kind  Is  to  be 
used,  either  a  portion  of  the  deck  has  to  be  raised  or  a  portion  of  the 
bottom  has  to  be  lowered.  Even  the  33-in.  (or  more)  depth  necessary  to 
mate  with  the  connecting  interior  bay  would  not  fully  suffice. 

Gas  turbine  prime  movers  provide  little  net  savings  of  space  or  weight, 
because  they  require  some  kind  of  variable-speed  transmission.  Their 
specific  fuel  consumption  is  also  at  least  twice  that  of  a  diesel,  their 
cost  is  high,  and  they  raise  problems  of  clean  air  intake  and  hot  gas 
exhaust.  Therefore,  gas  turbines  are  not  considered  further. 

The  water-cooled  diesel  with  a  closed  cooling  system  and  a  heat  ex¬ 
changer  connected  to  some  form  of  hull-mounted  cooler  adds  the  weight  of  the 
hardware  and  the  liquid.  Under  the  tight  weight  limits,  the  latter  is  un¬ 
desirable.  Furthermore,  complexity  and  vulnerability  are  added  to  the  pro¬ 
pulsion  system.  The  advantage  of  such  a  system  is  that  the  engine  can  be 
operated  briefly  on  land.  With  an  open  system  that  draws  cooling  water 
directly  from  the  stream,  the  engine  cannot  be  operated  on  land,  but  the 
transport  weight  is  that  of  the  dry  engine  alone. 

In  view  of  the  probable  requirement  for  increasing  the  depth  of  the 
craft  due  to  the  interbay  connection  problem,  the  water-cooled  diesel  loses 
further  attraction.  The  high  beam  of  the  craft,  would  not  be  reduced  by  use 
of  a  water-cooled  diesel. 

The  air-cooled  six-cylinder  Duetz  engine  Model  BF6L913  is  a  turbo¬ 
charged  engine  producing  150  bhp  at  2300  rpm;  thus,  it  would  not  require  a 
reduction  gear  when  driving  the.  SPJ  50  Schottel  unit.  Its  length  is  44-1/4 
inches  and  its  height  is  36-1/4  inches.  Within  this  height  is  included  a 
deep  oil  pan  or  sump, which  mlghtbe  made  shallower  to  reduce  the  overall 
height . 
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The  height  available  inside  the  proposed  hull  is  30  in.,  possibly 
more.  On  top  of  this  there  is  a  3-in.  thickness  of  roadway  extrusion.  A 
4-  or  5-in.  elevation  above  the  upper  surface  of  the  roadway  would  make  the 
available  height  at  least  37  inches.  Since  the  engines  are  44-1/4  inches 
long  mounted  side  by  side,  a  4-ft.  long  section  across  the  width  of  the 
boat  would  provide  the  needed  space  while  giving  vertical  vehicle  (axle  or 
hull)  clearance,  and  it  would  be  sufficiently  narrow  for  small  wheeled 
vehicles  to  pass  or  straddle  the  section.  The  raised  portion  therefore 
would  be  4  feet  (or  slightly  less)  in  the  lengthwise  direction  of  the  boat 
and  engines  and  would  run  across  the  full  width  of  the  craft.  The  vertical 
sides  of  this  rectangle  would  act  as  a  coaming  to  prevent  water  entry. 

The  3- in.  thick  roadway  extrusion  would  not  be  needed;  a  thinner  grill 
which  also  provided  air  entry  and  escape  could  be  incorporated.  The  raised 
deck  section  would  also  be  made  portable  and  serve  as  an  engine  hatch. 

Figure  3-13  illustrates  this  configuration. 

These  estimates  have  been  made  to  examine  the  feasibility  of  the  con¬ 
cept  and  its  major  constraints.  They  indicate  that  the  weight  of  the  craft 
can  be  kept  vithin  the  6-ST  limit  while  providing  the  desired  power  and 
maintaining  a  draft,  in  launch  condition,  similar  to  that  of  the  bays  with 
which  it  must  operate  and  connect.  Whenever  this  craft  is  operating  with 
Ribbon  Bridge  units,  it  would  be  connected  to  them  by  the  normal  connecting 
pads  and  pins.  Only  in  immediate  launch  and  retrieval  situations  might 
pushing  be  required;  for  that  case,  knees  could  be  fitted  at  the  bows  to 
facilitate  such  operation. 

Figure  3-14  shows  the  integral  propulsion  half-bay  for  the  Improved 
Ribbon  Bridge  on  the  current  Ribbon  Bridge  transporter  (the  M14,  5-ton  truck 
chassis)  with  the  single  folding  bow  ponton  in  its  folded  or  stored  position. 
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Propulsion  Bay  with  Single  Folding  Bow  Ponton 


(ADL  Dwg .  SK-61881-1V, 


Figure  3-14 

go  Truck  (Proposed  Transporter 
dge/Raft  Propulsion  Bay) 
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4.  THREE-PONTON  BAY  SYSTEM  WITH  INTEGRAL  PROPULSION 


In  the  amended  Statement  of  Work,  the  study  of  the  Three-Ponton  Bay 
System,  as  described  in  Figures  1,  ?,  and  3  of  the  Statement  of  Work,  is  to 
consider  two  alternative  integral  propulsion  subsystems — one  with  a  pump- 
jet  and  the  other  with  an  outboard  drive.  Both  of  these  subsystems  have 
been  reduced  to  Level  1  drawings.  The  pump-jet  drive  utilizes  a  diesel 
prime  mover;  the  outboard  drive  utilizes  a  gas  turbine.  The  envelope  of 
the  three-part  interior  bay  was  specified  in  the  Statement  of  Work. 

The  Statement  of  Work  also  required  consideration  of  providing  inte¬ 
gral  power  in  the  ramp  bays.  Because  of  height  restrictions,  dual  pro- 

*■ 

pulsion  systems  cannot  be  accommodated  in  these  bays,  but  a  single  pump- 
jet  could  be  installed.  For  control,  the  ramp  module  must  use  its  own 
intertia  as  a  reaction  moment.  Hence,  as  a  launch  procedure,  we  recom¬ 
mend  that  an  interior  three-part  bay  be  launched  first;  the  ramp  bay  should 
then  follow  and  be  joined  to  the  interior  bay,  so  that  improved  control  can 
be  obtained  with  the  dual  integral  propulsion  of  the  interior  bay. 

4.1  INTEGRAL  PROPULSION  BASED  ON  THE  SCHOTTEL  PUMP-JET 

Figure  4-1  shows  an  engineered  arrangement  for  a  pump-jet  propulsion 
subsystem  in  a  three-ponton  bay  whose  structural  design  is  based  principally 
upon  that  of  the  Ribbon  Bridge.  The  width  of  the  bay  (and,  thus,  of  the 
bridge)  is  8.5  m;  the  length  of  the  interior  bay  is  7.0  m;  the  depth  of  the 
bay  is  approximately  1  m  at  the  extreme  bow  areas,  where  it  is  1.1  m.  The 
roadway  is  4.3  m  wide  and  extends  beyond  the  center  ponton  onto  each  of 
the  bow  pontons. 

The  propulsion  compartment  is  located  on  the  center  line  lengthwise 
of  the  bay.  The  air  intake  for  combustion  and  engine  cooling  is  in  the 
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center  of  the  compartment.  After  passing  through  a  cleaner,  the  combustion 
air  enters  a  plenum  chamber  to  remove  excessive  moisture  and  then  goes  into 
the  intake  manifolds  of  the  engines.  The  two  engines  are  Deutz  six-cylinder, 
air-cooled  diesels,  Model  F6L912.  Each  diesel  is  clutched  to  a  Schcttel 
Pump- Jet,  Model  SPJ-32.  Each  of  the  pump-jets,  which  are  located  at  the 
extreme  ends  of  the  bay  on  the  center  line,  delivers  900  lb  of  thrust.  This 
design  utilizes  the  smallest  Schottel  Pump-Jets  that  are  available.  The 
exhaust  gases  from  the  engine  and  the  hot  air  from  the  cooling  of  the 
engines  are  exhausted  on  the  lengthwise  center  line  of  the  bay,  between  the 
pump- jet  and  the  diesel  engine.  The  openings  for  intake  air  and  exhaust  gas 
are  protected  by  slightly  arched  covers. 

The  control  cockpits  are  midway  between  the.  ends  of  the  bay,  at  the 
tips  of  the  bow  pontons.  The  propulsion  compartment  may  be  entered  by 
moving  any  one  of  three  sections  of  roadway.  These  access  covers  may  be 
lifted  and  moved  by  an  auxiliary  boom  that  is  stored  in  the  walkway  mid-bay. 
The  boom  has  a  chain  hoist  or  other  mechanical  lifting  mechanism  suitable 
for  removing  and  replacing  access  covers  in  the  roadway;  it  could  also  be 
used  to  facilitate  the  connecting  of  adjacent  bays.  The  two  larger  covers 
provide  access  to  the  diesel  engines  and  pump- jets  Each  of  the  engine  com¬ 
partments  is  baffled  from  the  air  intake  area  by  a  structural  member;  these 
and  other  vertical  structural  members  in  the  center  and  bow  pontons  are 
designed  to  enable  the  roadway  to  support  the  heavier  military  load  classes. 

Also  installed  in  the  center  ponton  are  fuel  tanks,  a  sump  pump,  and 
engine-mounted  hydraulic  pumps  that  supply  the  power  to  open  and  close  the 
bow  pontons.  (Opening  and  closing  of  the  bow  pontons  is  described  in 
section  4.1.2.) 
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4.1.1  Capacity,  Deadweight,  and  Buoyancy 


Using  the  same  approach  as  in  our  structural  analysis  of  the  Ribbon 
Bridge  interior  bay  (see  Appendix  A),  we  estimated  the  characteristics  of 
the  three-ponton  interior  bay.  The  deadweight  of  this  bay  would  be  approxi¬ 
mately  15Z  greater  than  that  of  the  Interior  bay  of  the  Ribbon  Bridge, 

The  principal  load-bearing  structure  of  the  latter  bay  will  be  15Z  greater 
than  that  of  the  Ribbon  Bridge;  this  fact,  together  with  the  calculated 
volume  displacement  ratio  of  the  two  bays  for  skin  and  other  supporting 
mass,  indicates  that  the  deadweight  of  the  three-ponton  bay  would  be  about 
13,800+  lb,  or  6.91  ST.  The  displacement  of  the  bay  is  estimated  at 
43.0b  ST.  Hence,  the  net  buoyancy  with  the  roadway  awash  would  be  36.17  ST. 
These  calculations  do  not  Include  the  deadweight  of  the  propulsion  subsystem, 
which  is  estimated  as  follows  for  one  diesel  engine  and  pump- jet: 


6  cylinder  Deutz  diesel  961  lb 

Schottel  Pump-Jet  243  lb 

Pump-jet  displacement  loss  177  lb 

Fuel  130  lb 

Clutch,  shafting,  gearing,  controls, 
supporting  structure,  fuel  tank  400  lb 

Total  1911  lb 


The  deadweight  of  the  dual  propulsion  subsystem  would  therefore  be  3822  lb, 
or  1.91  ST.  The  resultant  maximum  buoyancy  with  roadway  awash  is  therefore 
34.26  ST. 

4.1.2  Hinging  and  Actuation  of  Bow  Pontons 

The  roadway  extends  onto  the  bow  pontons  on  either  side.  Our  struc¬ 
tural  engineer  initially  believed  that  a  continuous,  heavy-duty  piano 
hinge  would  be  adequate  for  the  hinging  of  the  bow  pontons.  However, 
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subsequent  discussion  and  concern  for  wear  from  the  treads  of  Ml  tanks  and 
other  heavy  vehicles,  convinces  us  that  an  exposed  piano  hinge  would  be 
damaged  by  repeated  use,  even  without  abuse.  Accordingly,  we  are  new  con¬ 
sidering  use  of  the  invisible  Soss  hinge,  a  patented  design.  The  principle 
of  operation  of  this  hinge  is  shown  in  Figure  4-2.  After  discussing  the 
concept  and  building  a  miniature  model,  we  believe  that  this  mechanism 
could  be  a  practical  solution  to  the  hinging  problem. 

The  need  for  an  unexposed  hinge  arises  principally  from  the  splitting 
of  the  roadway  between  pontons.  Because  the  center  ponton  is  not  suf¬ 
ficiently  wide  to  Include  the  entire  roadway,  part  of  the  vehicle  load 
must  be  carried  by  the  bow  pontons.  However,  the  bow  pontons  are  not  suf¬ 
ficiently  buoyant  to  support  this  load  by  themselves,  so  much  of  it  must 
be  transferred  through  the  hinge  to  the  center  ponton.  To  accomplish  this 
load  transfer,  the  upper  mating  edges  of  the  pontons  must  be  joined  by  a 
series  of  hinges  for  the  full  length  of  the  deck.  To  preserve  the  required 
stowed  dimensions,  the  pivot  must  be  either  actually  or  effectively  at  the 
deck  surface.  A  normal  hinge  so  disposed  would  have  its  barrel  parts  above 
the  deck  and  be  subjected  to  direct  contact  with  the  track  and  wheel  debris 
and  treads  of  the  vehicles,  which  is  why  the  Soss  hinge  is  proposed.  Its 
linkage  and  arrangement  of  pins  that  slide  in  slots  is  such  as  to  produce 
a  virtual  hinge  point  on  the  deck  without  having  any  parts  exposed  when 
the  bow  pontons  are  deployed.  The  same  rugged  aluminum  roadway  extrusions 
will  be  used  on  all  three  pontons. 

Figure  4-3  shows  a  conceptual  design  of  a  mechanism  for  opening  and 
closing  the  bow  ponton.  Power  for  deployment  or  stowing  is  provided  by  a 
pair  of  double-acting  hydraulic  cylinders  connected  to  the  appropriate 
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linkages  that  symmetrically  span  tha  separation  plana.  Whan  tha  bow  ponton 
is  fully  deployed,  it  is  locked  to  the  center  ponton  by  a  series  of  hand- 
operated  pins  and  yokes  beneath  the  hinge  at  the  submerged  joint.  The  con¬ 
necting  arrangement  is  similar  to  that  between  the  bays. 

To  maintain  the  required  stowed  dimensions,  the  pivot  of  the  linkage 
oust  be  separable  after  folding,  so  that  the  exposed  ]  Inks  can  be  withdrawn 
hydraulically  and  stored  within  the  envelope  of  the  folded  pontons. 

Further  Jtudy  should  produce  a  linkage  that  remains  totally  within  the 
allowable  envelope  without  need  *or  disconnection  when  stowed. 

4.1.3  Roadway  Width  and  Effect  of  70- Ton  Loads 

Figure  4-4  shows  the  location  of  Military  Load  Classes  4  and  70  on 
the  three-ponton  interior  bay  when  centered  and  when  at  extreme  position; 
Load  Class  SO  is  shown  for  wheeled  vehicles  at  maximum  left  position  only. 
The  roadway  was  Increased  in  width  to  4.3  m  as  a  ratio  of  vehicle  width 
of  MLC  70  over  MLC  60,  based  on  the  width  of  the  Ribbon  Bridge  roadway 
as  acceptable  for  MLC  60.  The  roadway  extends  into  the  bow  ponton  on  the 
left  by  approximately  600  m.  Figures  4-1  and  4-4  show  the  structure  which 
contains  the  propulsion  compartment  and  the  additional  structure  in  the 
right  bow  ponton. 

Four  main  tensile- load-carrying  steel  bars  are  provided — two  in  the 
center  ponton  and  one  in  each  bow  ponton — all  located  at  the  bottom  adja¬ 
cent  to  the  separation  planes.  The  pins  and  yokes  that  secure  the  bow 
pontons  to  the  main  roadway  ponton  are  attached  to  these  bars  laterally 
along  the  length  of  the  bay.  At  the  ends  of  the  bars  are  the  bay-to-bay 
pins  and  yokes,  which  are  connected  in  the  same  manner  as  in  the  existing 
Ribbon  Bridge.  To  provide  a  tensile  capability  for  both  the  main  roadway 
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ponton  and  th»  bow  ponton*,  th*TQ  ar*  yokes  on  all  tour  bars.  Their 
position  and  number  (on*  male  and  one  tamale  per  end)  are  such  as  to 
allow  Interior  bays  and  ramp  bay#  to  be  attached  to  either  end  of  another 
interior  bay.  Roadway  connectors  ar*  the  same  aa  in  the  Ribbon  Bridge. 

4.2  OUTBOARD  DRIVE  CONCEPT  FOR  THREE-PONTON  INTERIOR  BAY 

In  the  outboard  drive  concept  (Figure  4-5),  a  Schottel  Model  SPR-12 
outboard  drive  is  driven  by  a  Turbomach  pas  turbine,  Model  T-62T-32.  The 
outboaTd  drive  rotates  and  is  stowrd  in  a  well  in  the  bow  ponton  for  pro¬ 
tection  during  launch.  Following  launch  it  is  rotated  90*.  In  operating 
position,  it  extends  approximately  3  in.  below  the  base  line  or  bottom  of 
the  bay.  The  lateral  position  of  the  outboard  drives  in  the  bow  pontons 
would  be  balanced  for  symmetry  and  effective  maneuverability;  their  exact 
location  would  depend  on  the  details  of  the  structure. 

We  attempted  to  find  a  small,  variable-pitch  propeller  to  avoid  a 
variable-speed  drive  between  the  gas  turbine  and  the  outboard  drive,  but 
no  standard  propeller  of  thi*.  kind  is  made  in  the  aize  needed;  a  special 
procurement  would  be  required.  The  gas  turbine  was  chosen  as  the  prime 
mover  because,  as  discussed  earlier,  it  can  withstand  being  stowed  upside 
down  or  at  180*  from  the  operating  or  unfolded  position. 

We  do  not  recommend  the  outboard  concept  as  a  means  of  adding  integral 
propulsion  to  the  three-ponton  bay.  Its  initial  cost  is  high  because  of 
the  gas  turbine  prime  mover,  and  the  requirement  for  a  variable-speed  drive 
or  propeller  adds  complexity.  Moreover,  an  outboard  drive  has  roughly 
twice  the  fuel  consumption  o*  a  pump- jet. 

The  displacement  volume  of  the  thvee-ponton  bay  with  outboard  pro¬ 
pulsion  may  be  calculated  by  the  following  formula: 
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Figure  4-5 

n ..fhnarrf  Drive  Concept  for  Three-Ponton  Interior 


where: 


V  -  37.50  h  +  3.46  h2 
3 

V  =  displacement  volume  (m  ) 
h  =  displacement  height  or  draft  (m) 

Or,  if  V  is  known  and  h  is  not,  the  following  formula  may  be  used: 

-10.32  -  /10.32*  +  1.16V 
h - - - 

From  the  former  equation,  the  maximum  displacement  of  the  three-part 

3  3 

interior  bay  is  39.16  m  in  fresh  water  (density  *  1.10  ST/m  ).  The 

maximum  displaced  weight  would  be  43.08  ST. 

The  deadweight  of  the  propulsion  subsystem  for  the  outboard  drive  is 

estimated  as  follows: 


Gas  turbine 

85 

lb 

Variable-speed  transmission 

1,000 

lb 

Outboard  drive 

617 

lb 

Fuel  (100  lb/hr,  5  hr) 

500 

lb 

Fuel  tank,  piping,  structure 

300 

lb 

Disp' icement  loss 

152 

lb 

Total 

2,654 

lb 

4.3  INTEGRAL  PUMP- JET  PROPULSION  FOR  THREE-PONTON  RAMP  BAY 

As  mentioned  at  the  beginning  of  section  4,  height  restrictions  in 
the  ramp  bay  complicate  the  installation  of  a  pump-jet  propulsion  sub¬ 
system.  To  facilitate  the  conceptual  design,  it  was  necessary  to  develop 
a  scale  model  of  the  three-ponton  ramp  bay  with  all  of  its  essential 
functional  attributes.  Figures  4-6  through  4-9,  which  are  photographs  of 
the  model,  show  various  features  of  the  ramp  bay  in  folded  and  unfolded 
modes. 
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The  pump- Jet  propulsion  concept  for  the  ramp  bay  Is  presented  in 
Figure  4-10.  To  provide  sufficient  height  for  the  six-cylinder  diesel 
engine  within  the  roadway  ponton,  it  is  necessary  to  raise  an  area  approxi¬ 
mately  1.6  m  long  and  0.6  m  wide  in  the  middle  of  the  roadway  at  the  top 
of.  the  ramp.  Although  the  Schottel  Pump-Jet  fits  within  the  present 
envelope  of  the  roadway  ponton,  another  protrusion  in  the  roadway  is 
needed  for  the  air  intake.  The  outlet  cooling  air  and  diesel  exhaust  can 
be  expelled  from  the  housing  over  the  diesel.  Since  the  roadway  extends 
onto  the  two  bow  pontons,  a  three-part  approach  ramp  is  needed  that  is 
foldable  in  two  planes. 

The  general  construction  features  of  the  ramp  bay  are  the  same  as 
those  of  the  interior  bay  described  above.  In  addition,  hydraulically 
operated  male  and  female  ramp  elevation  yokes  are  provided;  these  connect 
to  the  roadway  with  double  pins  and  links  v hinge-like)  and  to  the  tensile 
yokes  at  the  bottom  in  the  same  manner  as  an  Interior  bay.  There  is 
adequate  room  at  the  interior  end  of  the  ramp  for  both  the  elevation 
cylinders  (which  can  hold  the  entire  ramp  at  an  angle  to  the  interior  bay) 
and  the  folding  cyliners.  (See  Figure  4-10.) 

The  approach  ramp  is  composed  of  three  hinged  sections  which,  when 
folded  and  stowed,  sit  vertically.  Latches  the  approach  ramp  secure 
the  shore  end  of  the  folded  bow  pontons  for  transport.  When  the  approach 
ramp  is  stowed,  its  free  end  is  at  the  same  height  as  the  interior  end 
of  the  folded  bow  ponton.  (See  ilgure  4-8.) 

The  deadweight  of  the  structure  for  the  three-ponton  ramp  bay  is 
estimated  at  13,455  lb,  or  15Z  greater  than  that  of  the  Ribbon  Bridge  ramp 
bay.  The  deadweight  of  the  single  Schottel  Pump-Jet  propulsion  subsystem 
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is  estimated  at  2021  lb.  Hence,  the  deadweight  of  the  ramp  bay  and  its 
propulsion  subsystem  is  7.74  ST.  The  net  buoyancy  of  the  ramp  bay  when 
attached  to  an  interior  bay  at  a  15*  angle  is  5.48  ST  with  the  interior 
roadway  awash.  The  ramp  bay  net  buoyancy  vs.  draft  of  the  interior  bay 
with  the  ramp  bay  at  15*  is  plotted  in  Figure  4-11.  (The  related  calcu¬ 
lations  are  presented  in  Appendix  A.) 

4.4  TRANSPORTER  FOR  IMPROVED  WET  BRIDGE 

The  deadweight  of  the  three-ponton  interior  bays,  including  the  pump- 
jet  propulsion  system,  is  8.94  ST.  The  deadweight  of  the  corresponding 
ramp  bay  is  estimated  to  be  7.74  ST.  To  assure  off-the-road  mobility, 
the  transporter  should  have  a  10-ton  capacity.  Contact  was  made  with  the 
Coemander,  USATACOM,  Attention:  Dennis  Kssurek,  DRSTA-RTE,  Warren, 

Michigan  48090,  to  determine  the  availability  of  the  Heavy  Expanded 
Mobility  Tactical  Truck  (HEMTT).  Data  from  Oshkosh  Truck  Corporation  were 
provided  (see  Appendix  B);  these  wk.ru  used  as  the  basis  for  the  transporter 
concept  for  the  Improved  Wet  Bridge.  Drawings  of  the  HDlTT  carrying  the 
two  types  of  bays  are  shown  in  Figure  4-12.  The  transporter  would  require 
a  modified  bed  similar  to  that  of  the  Transporter,  Floating  Bridge  used  to 
carry  the  Ribbon  Bridge  bays. 

A  launch  and  retrieval  subsystem  (including  roller  assemblies,  winch 
cables,  and  a  boom)  would  be  needed.  It  would  have  to  be  designed  and 
engineered  so  that  the  roller  subsystem  is  at  the  chassis  level,  to 
assure  that  the  stowed  bays  are  well  within  the  acceptable  envelope.  Both 
the  interior  and  ramp  bays  fit  within  the  required  envelope  when  stowed  on 
the  transporter;  in  fact,  the  height  of  the  ramp  bay  is  slightly  less  than 
the  3.9-m  limit.  ] 
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Nei  Buoyancy  (ST) 


Transporter  with  Interior  Bay 


Transporter  with  Ramp  Bay 

Source:  ADL  Dwg.  SK-618R1-9 
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4.5  STILLWATER  RAFTING  DRAFT  AMD  FREEBOARD 


Using  ths  capacity  calculations  and  curvas  for  tha  Ribbon  Bridge 
(Current  and  Improved)  and  the  Improved  Wet  Bridge,  va  calculated  tha 
draft  and  freeboard  for  various  loads  on  three-bey,  four-bay,  and  five- 
bay  rafts.  Reap  bays  v?ould  be  at  a  15*  tingle  to  the  interior  bays  for 
each  of  the  three  sixes  of  rafts. 

Figure  4-13  applies  to  the  Ribbon  Bridge.  It  should  be  reaeabered 
that  for  the  laproved  Ribbon  Bridge,  two  half-bays  coaprlse  a  single  bay 
on  the  graph.  Thus,  a  three-bay  raft  would  consist  of  two  integral  pro¬ 
pulsion  half-bays  and  two  ramp  bays.  A  four-bay  raft  could  consist  of 
four  Integral  propulsion  half-bays  and  two  reap  hays,  or  one  Ribbon  Bridge 
interior  bay,  two  integral  propulsion  half-bays,  and  two  ramp  bays.  The 
five-bay  raft  could  consist  of  two  Current  Ribbon  Bridge  interior  bays, 
two  integral  propulsion  half-bays,  and  two  ramp  bays,  or  one  Current  Ribbon 
Bridge  interior  bay,  four  integral  propulsion  half-bays,  and  two  ramp  bays. 
It  is  highly  unlikely  that  all  interior  Current  Ribbon  Bridge  bays  would 
be  replaced  by  pairs  of  Integral  propulsion  half-bays. 

Similar  plots  of  load  vs.  freeboard  are  shown  in  Figure  4-14  for  the 
Improved  Wet  Bridge.  Table  4-1  summarizes  data  from  Figures  4-13  and  4-14 
to  show  the  extent  to  which  Improved  Wet  Bridge  rafts  excel  Ribbon  Bridge 
rafts  at  two  values  of  roadway  freeboard.  The  Improved  Wet  Bridge  with 
integral  propulsion  three-ponton  bays  can  carry  10  tons  more  on  a  three- 
bay  raft  and  at  least  20  tons  more  on  a  four-  or  five-bay  raft. 
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Table  4-1 

Raft  Capacity  of  Alternative  Bridge  Systems  for 
Stillwater  at  0.1  m  and  0,2  n  Roadway  Freeboard 


No.  of  Bays 


Roadway  Freeboard 


Military  Load  Class 


Current  or  Improved 
Ribbon  Bridge _ 


Improved 
Wet  Bridge 


In  Figure  4-13  note  that  the  freeboard  for  the  bow  pontons  is  approxi¬ 
mately  0.3  m  greater  than  that  of  the  roadway;  in  Figure  4-14,  the  dif¬ 
ference  is  only  0.1  m.  This  difference  in  freeboard  reflects  the  design 
of  the  two  systems.  A  comparison  of  bow  freeboards  for  the  same  load 
class,  however,  indicates  a  greater  similarity  between  the  Ribbon  Bridge 
and  the  Improved  Wet  Bridge.  For  instance,  from  Figure  4-13,  for  a  70 
Military  Load  Class  the  bow  freeboard  would  be  0.36  m  for  a  Current  or 
Improved  Ribbon  Bridge  raft.  With  the  same  load  on  a  five-bay  raft  of 
the  Improved  Wet  Bridge  system,  the  bow  freeboard  would  be  0.34  m. 
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5.  CONTROL  SYSTEM 


5.1  GENERAL  PRINCIPLES 

We  assume  that  each  separate  unit  (whether  full-bay  or  half-bay)  is 
fitted  with  two  steerable  propulsors.  Since  the  units  are  double-ended, 
they  require  a  control  station  at  each  end.  Each  of  these  duplicate  stations 
requires  the  following: 

2  power  controls 

2  directional  controls 

Start/stop  switch,  fuel  controls,  and  instrumentation 
To  facilitate  one-handed  operation,  various  types  of  dual-motion  controls 
could  be  used,  such  as  a  rotational  motion  for  direction  and  an  axial  or 
angular  motion  for  power.  Two  such  controls,  one  for  each  propulsor,  would 
provide  the  basic  operational  control  for  the  unit.  Because  the  control 
stations  are  not  adjacent  to  the  propulsor,  and  also  because  remote  control 
is  needed,  an  electro-hydraulic  system  is  indicated. 

When  some  or  all  of  the  units  are  self-propelled,  remote  control  is 
desirable  to  reduce  manpower  needs  and  exposure.  On  the  other  hand,  we 
assume  that  no  more  than  perhaps  four  units  can  be  effectively  supervised  by 
one  operator.  Thus,  the  following  discussion  applies  to  a  maximum  of  eight 
individual  power  plants. 

The  first  simplification  lies  in  ganging  rows  or  columns  of  propulsors 
when  the  units  are  assembled  into  a  bridge  or  large  ferry.  Further  exami¬ 
nation  shows  that  the  simplest  approach  lies  in  ganging  only  the  two  pro¬ 
pulsors  of  each  unit.  The  reason  for  this  is  as  follows:  With  all  units 
self-propelled,  the  span  between  propulsors  in  one  unit  may  be  9  ft,  where¬ 
as  the  distance  between  propulsors  in  adjacent  units  will  be  22  ft.  (If 
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the  propulsors  are  in  the  bow  pontons,  the  span  will  be  abcut  22  ft.  also-) 
When  Integral  propulsion  units  are  alternated  with  non-powered  ones,  the 
distance  between  propulsors  in  each  unit  may  be  about  15  ft.  while  the 
distance  between  adjacent  propulsors  will  be  about  32  ft.  Therefore,  since 
the  propulsors  in  the  two  separate  units  can  exert  at  least  as  large  (pos~ 
sibly  twice  as  large)  a  turning  moment  as  the  propulsors  in  a  single  unit, 
it  is  preferable  to  control  adjacent  units  separately  and  gang  the  forward 
and  aft  propulsors.  In  longitudinal  rafting,  with  the  powered  units  lashed 
alongside,  forward-and-aft  ganging  is  desirable  when  multiple  powered  units 
are  used  or  when  they  are  not  individually  manned. 

In  the  proposed  system,  the  controls  in  each  unit  would  be  ganged  by  an 
electrical  switch  in  the  unit,  and  the  combined  controls  would  be  connected 
to  the  control  point  by  a  cable  that  is  stored  in  each  unit  on  a  reel.  The 
central  control  would  be  a  portable  console  that  could  be  installed  in  any 
of  the  control  cockpits.  It  would  contain  receptacles  for  each  of  the 
cables  from  the  controlled  units  and  would  obtain  any  necessary  electrical 
power  from  the  unit  on  which  it  was  installed. 

5.2  ALTERNATIVES 

The  console  could  be  designed  in  either  of  two  ways: 

(1)  It  could  merely  centralize  the  four  sets  of  power  and 
direction  controls  without  ganging  them;  it  would  also 
incorporate  such  items  as  an  alarm  for  each  plant  and  an 
emergency  cut-off  for  each  plant.  Adjustment  of  the  mul¬ 
tiple  power  and  direction  settings  to  achieve  the  desired 
results  would  be  the  responsibility  of  the  operator,  who 
would  need  training  and  experience. 
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(2)  Alternatively,  the  console  could  Incorporate  a  computer 
that  would  separate  the  desired  force,  direction,  and 
moment  into  the  several  components  that  can  be  provided 
by  the  individual  units  and  automatically  transmit  the 
proper  control  signals  to  them.  Resolution  of  the  compo¬ 
nent  forces  would  require  the  solving  of  three  reasonably 
simple  simultaneous  equations,  but  the  reverse  process 
would  entail  additional  assumptions  or  ground  rules 
concerning  the  number  of  units  and  the  intervals  between 
them,  which  would  also  have  to  be  fed  into  the  computer. 

Selection  between  these  two  alternatives  depends  on  the  relative 
importance  of  console  size,  cost,  and  complexity  and  the  requirements  for 
opt  tor  skill  and  training.  In  bridging  operations,  control  is  fairly 
simple  because  it  involves  steady,  or  only  slowly  changing,  conditions. 
During  ferrying  operations,  however,  the  requirements  for  maneuvering 
would  make  the  more  automated  system  desirable.  The  powered  units  would 
probably  be  individually  manned  during  bridge  assembly,  so  remote  operation 
would  not  be  of  concern  at  that  time. 

Figure  5-1  shows  a  raft  or  section  of  bridge  with  three  powered 
units  alternating  with  non-powered  units.  The  propulsors  are  indicated 
by  small  rectangles.  The  control  arrangement  would  be  identical  if  all 
units  were  self-propelled,  or  if  there  were  four  powered  units,  or  if  there 
were  more  non-powered  unit3  between  the  powered  ones.  The  proportions  of 
the  non-powered  units  are  those  of  the  standard  interior  bays;  the  proposed 
powered  units  are  approximately  half-bays. 


i 
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Figure  5-1 

Schematic  Diagram  of  Control  System 
for  Raft  with  Three  Powered  Bays 


When  the  two  propulsors  of  a  bay  or  unit  are  ganged  and  are  producing 
approximately  the  same  thrust  in  the  same  direction,  they  impose  no  turning 
moment.  Thus,  in  adding  the  effects  of  multiple  units,  the  force  exerted 
by  each  unit  may  be  taken  as  a  simple  force  equal  to  the  total  thrust  of 
its  two  propulsors  and  exerted  at  the  center  of  the  unit,  as  marked  on  the 
diagram. 

In  the  powered  unit  at  the  lower  part  of  Figure  5-1,  an  alternate 
control  path  to  the  other  end  of  the  unit  is  shown.  The  units  must  be 
operable  from  either  end,  and  it  would  also  be  desirable  to  have  redundancy 
in  the  event  of  damage  to  one  control  station.  Cables  from  the  two  pro¬ 
pulsors  lead  to  the  unit's  control  station,  indicated  by  a  small  box,  where 
they  are  ganged.  At  this  point  provision  would  be  made  for  small  local 
adjustments  and  synchronization  as  needed  to  improve  performance  of  the 
unit  and  to  adjust  for  variations  in  water  velocity  along  the  length  of  the 
bridge. 

The  more  comprehensive  control  system  is  indicated  by  the  broken 
double  line,  which  leads  to  the  control  station  (c)  situated,  in  this 
case,  on  the  center  powered  unit.  This  station  is  the  portable  console 
which  is  installed  at  a  convenient  location  for  supervising  the  operation, 
or  at  least  for  supervising  one  set  of  bays  or  units.  The  array  shown  in 
Figure  5-1  is  equivalent  to  a  f ive-and-one-half  bay  raft.  A  ramp  ponton 
is  shown  at  one  end,  but  ramps  could  be  used  at  both  ends. 

To  summarize  our  recommendations: 

•  The  propulsors  of  each  unit — whether  it  be  a  full  bay  or 


half-bay — should  be  ganged  in  both  power  and  direction. 
This  permits  the  unit  to  be  treated  as  one  thrust  vector 
by  the  control  system. 
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•  Fine  adjustments  for  power  level  and  synchronisation  of  the 
two  propulsors  on  each  unit  should  be  performed  locally 
from  each  unit’s  own  control  station. 

e  The  combined  control  for  an  assembly  of  up  to  four  powered 
units  should  be  incorporated  in  a  portable  console  that  can 
be  placed  in  any  of  the  control  cockpits. 

•  The  console  should  be  linked  by  electric  cables  to  each 
powered  unit.  A  cable  should  be  carried  on  a  reel  in  each 
unit  for  this  purpose. 

•  The  extent  of  the  combined  control  should  be  investigated 
further,  since  individual  manual  settings  for  each  unit  may 
be  preferable  to  automatic  computed  development  of  the  com¬ 
bination  of  vectors  needed  to  achieve  a  desired  moment  and 
thrust. 

•  The  integrated  control  system  should  have  no  automatic  feed¬ 
back  loop;  the  only  feedback  should  be  provided  by  the  oper¬ 
ator  via  visual  references  or  directional  sensors. 

5.3  MULTIPLE  PROPULSION  UNITS 


This  section  briefly  considers  the  mathematical  aspects  of  computer 
control  of  a  multi-unit  array.  The  following  assumptions  apply: 

(1)  Each  powered  unit  in  the  array  has  two  steerable  propulsors. 

(2)  The  two  propulsors  in  each  unit  are  ganged  in  both  force 
and  direction,  so  that  the  resultant  provided  by  each  unit 
acts  as  a  single  vector  (F^  0^  with  origin  halfway  between 
the  two  propulsors. 

(3)  Each  unit  is  a  known  distance  from  the  estimated  center  of 
resistance  of  the  array  of  units  (OA  ■  fl1) . 


5-6 


Arthur  D  Little  Inc 


il 

0 

0 

[ 


T 


•* — 


Figure  5-2  shows  the  standard  derivation  of  the  thruat,  angle,  and 
moment  which  result,  and  the  summation  for  N  powered  units.  Since  there 
are  three  simultaneous  governing  equations  and  2N  variables,  an  automatic 
integrating  controller  requires  additional  conditions  in  order  to  select 
individual  sets  of  values  of  F^  and  0^. 

The  formulation  of  these  conditions  is  complicated  by  the  fact  that 
the  control  unit  must  be  adaptable  for  two-,  three-  or  four-unit  arrays 
and  that  the  conditions  set  may  differ  from  each  sl2e  array.  The  central 
controller  would  have  to  be  programmed  to  recognize  certain  required  levels 
of  thrust  and  certain  proportions  of  thrust  to  moment  and  to  adapt  power 
and  direction  allocations  accordingly. 

Figures  5-3  and  5-4  indicate  the  type  of  approaches  which  ctvn  be 
applied  to  produce  soluble  relationships.  In  Figure  5-3,  the  angles  of 
the  three  propulsion  units  are  kept  equal,  thereby  eliminating  three  of  the 
six  variables;  the  three  force  (or  thrust)  vector  magnitudes  remain,  to¬ 
gether  with  the  three  equations.  The  envelope  of  achievable,  simultaneous 
moments  and  forces — in  terms  of  the  maximum  force  of  one  unit  and  of  unit 
spacing — is  shown.  If  the  equation  for  Fj  is  relaxed,  the  envelope  can  be 
extended  into  the  region  labeled  II. 

Figure  5-4  shows  an  alternative  in  which  the  three  units  are  set  at 
equal  power  but  at  different  angles.  This  again  eliminates  three  variables. 
The  solution  of  the  equations  in  this  example  is  appreciably  more  complex. 
By  inspection,  it  is  evident  that  the  maximum  values  of  moment  and  thrust 
are  more  limited  than  in  the  first  case.  Unless  other  factors  enter  into 
the  picture,  the  first  approach  would  be  simpler  and  more  effective  except 
for  longitudinal  rafting. 
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About  Point  C: 

M*  -  ° 

My  ■  Fy  CO  '  0  F  *m  8 
N 

Fj^  *  2  F j  co*  0  j 
N 

Fy  m  £  Fj  *in  0| 

N 

M  *  £  Dj  F|  sin  Oj 

F  »  (F^J  +  Fy1)^  3  Equations  with 

2  N  Variabks 

0  *  tan'1  Fy/Fx 

Figure  5-2 

Basic  Equations 
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Within  domain  I  j  Fa  ■  F/3 

'  F  j  *  F/3  -  M/2D 


F|  imallar  than  maximum  Fm. 

If  Fj  is  not  limited  by  Fa  *  F/3, 
domain  II  is  possible  for  use. 


Spacing:  D 

Each  Unit  Power;  F 

Max.  Power:  Fm 
m 

Within  domain  I : 

0o  ■  tan"‘  (s<n 9 1  +sin®j  +  sin 0j)/(cos9|  +  cos0j  +cosflj) 
Fe  ■  F  [(sin  0 1  +  sinflj  +  sin  0S)J  +  (cosfl,  +  cosflj  +  cos  0S)*  ]  ^ 
M0  "FO  (sin 6 1  -sinfljl 


Fiaure  5-4 


Envelope  of  Maximum  Moment  and  Thrust  —  Three  Units  at  Same  Power 
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For  four  or  more  propulsion  units,  ths  forms  of  ths  equations  would 
be  similar  to  those  indicated  in  these  two  examples,  and  the  envelopes  would 
show  similar  characteristics.  However,  there  would  be  many  more  subalterna¬ 
tives  within  each  domain,  each  of  which  would  have  to  be  evaluated  to  find 
the  most  effective  or  efficient  combination.  More  sophisticated  rulSB  than 
those  shown  here  may  be  applicable.  As  a  result,  the  complexity  of  the 
controller  would  increase.  Simplicity  is,  of  course,  highly  desirable 
from  first-cost,  maintenance,  and  operational  viewpoints. 

5. A  MANUAL  CONTROL 

In  the  basic  mode  of  control  of  a  powered  unit,  the  individual  opera¬ 
tor  maintains  direct  and  separate  control  over  each  of  the  two  propulsion 
units.  This  mode  is  used  when  the  craft  is  launched,  when  it  is  being  con¬ 
nected  to  non-propelled  bays,  when  it  is  employed  as  a  boat,  or  when  it  is 
used  to  shift  individual  bays  or  disassemble  a  bridge.  In  all  these  cases 
the  operator  is  in  command  of  the  movements  of  the  craft  and  takes  his 
general  directions  from  a  superior. 

With  the  diesel  and  pumpjet  system,  the  powered  units  are  Bteerable 
through  360°,  and  shaft  speeds  match  so  that  no  clutch  is  required.  Diesel 
engines  have  quite  high  minimum  speeds;  to  place  the  craft  in  "neutral" 
without  thrust  or  turning  moment,  the  operator  must  balance  the  'idling 
thrust  from  the  pumpjets.  When  two  opposing  jets  are  to  be  balanced  to 
zero,  the  directional  settings  will  be  reciprocals.  For  thrust  in  any  one 
direction  without  turning  moment,  however,  the  settings  will  differ  hecause 
the  Schottel  jets  may  not  be  on  the  centerline  of  the  craft  and  the  jets 
do  not  emerge  from  the  center  of  the  circular  housing.  The  same  equations 
shown  in  Figure  5-2  govern  this  situation,  and  the  variations  in  settings 
will,  depend  on  the  geometry  of  the  final  design. 
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The  proper  settings  of  the  two  propulsors  can  be  learned  by  practice; 
alternatively,  the  settings  can  be  determined  by  a  microprocessor  that  cal¬ 
culates  the  two  power  settings  and  two  direction  settings  when  a  demand  for 
thrust  and  moment  is  set  at  a  single  control.  If  the  settings  are  determined 
individually  by  the  operator,  he  requires  two  seta  of  controls;  if  they  are 
derived  from  a  combined  demand  signal,  he  requires  only  a  single  set  of 
controls. 

In  either  case,  since  the  propulsors  can  be  steered  in  any  direction, 
continuous  smooth  control  through  360*  is  desirable.  On  manual  control 
types  using  a  shaft  whose  axial  position  determines  power  and  whose  ro¬ 
tational  position  determines  direction,  it  is  impossible  to  achieve  such 
continuous  angular  motion  without  switching  hand  position.  On  a  "joy  stick" 

type  of  control,  where  the  angle  of  inclination  of  a  lever  determines  power 
and  the  direction  of  the  plane  of  inclination  determines  direction,  uninter¬ 
rupted  changes  in  the  propulsors  can  be  achieved  by  one  hand.  Therefore, 
for  maneuvering  purposes  with  separate  manual  controls,  the  latter  seems 
more  suited.  For  long-term  operation  as  in  a  bridge  where  settings  are 
adjusted  infrequently,  the  axial/rotational  shaft  approach  would  suffice. 

For  the  case  of  the  combined  single  control  in  which  the  individual  pro¬ 
pulsors  are  automatically  adjusted,  either  type  of  control  is  suitable. 

When  the  craft  is  used  in  a  raft  or  bridge  in  coordination  with  similar 
units,  command  communications  are  somewhat  different  than  when  Bridge  Erection 
Boats  are  used.  In  the  latter  case,  the  boats  are  behind  or  alongside  the 
bays,  and  hand  signals  from  the  bridge/ferry  commander  are  readily  visible; 
with  units  equipped  with  integral  propulsion,  however,  the  operators  are 
stationed  at  the  ends  of  the  craft,  and  visual  communication  may  not  always 
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be  practical.  Amplified  voicv'  commands  also  may  be  unreliable  because  of 
engine  and  traffic  noise. 

If  a  multi-unit  remote  control  system  is  adopted  with  three  or  four 
powered  units  Interconnected  by  hard  wire,  the  need  for  communications  would 
be  greatly  reduced  in  the  ferrying  mode,  since  only  one  or  two  stations  re¬ 
quire  direction.  However,  this  represents  only  one  potential  mode  and  re¬ 
quirement  . 

The  problems  of  stringing  and  assuring  continuity  of  numerous  telephone 
wires  makes  a  hard-wire  command  network  undesirable.  Although  the  use  of 
an  additional  UHF  frequency  in  an  already  burdened  RF  spectrum  is  also  un¬ 
desirable,  the  best  solution  appears  to  lie  in  the  use  of  portable  trans¬ 
ceivers  at  the  boat  control  stations  and  at  the  commander's  station.  With 
hand-held  equipment,  the  commander  is  free  to  use  the  best  observation  point, 
and  the  individual  controllers  can  concentrate  on  their  tasks  without  having 
to  watch  for  visual  signals.  For  single  boat  operators  who  are  controlling 
the  propulsors  individually  and  manually,  the  additional  task  of  responding 
on  a  transceiver  may  be  difficult;  equipment  should  be  used  that  requires 
a  minimum  amount  of  manipulation. 

In  practice  it  may  be  found  tha*-  a  visual  hand-signal  system  of  conmand 
will  continue  to  serve  the  purpose,  but  a  UHF  radio  link  would  facilitate 
command  in  many  situations  and  would  cover  all  possible  situations.  While 
simplicity  favors  the  visual  system,  the  UHF  system  is  a  necessary  adjunct 
for  use  when  the  former  is  inadequate;  both  should  be  available  for  use. 

The  question  of  the  difficulty  of  manually  controlling  two  pumpjets  in 
a  craft  to  achieve  a  desired  net  thrust  and  moment  cannot  be  resolved  here. 
Manual  control  has  been  used  abroad,  so  it  is  possible.  The  difficulty  of 
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the  task  itself  and  the  required  personnel  capabilities  and  learning  ability 
both  enter  into  the  determination  of  training  requirements.  The  question 
thus  involves  personnel  policies,  which  are  outside  the  scope  of  this 
study.  Personnel  numbers  and  qualifications  for  craft  operators  can  obvi¬ 
ously  be  reduced  by  the  automation  of  control  functions,  but  this  advan¬ 
tage  is  offset  by  the  higher  initial  cost  of  automated  systems  as  well  as 
increased  maintenance  costs,  which  include  supplementary  maintenance  and 
repair  personnel. 

When  the  powered  craft  are  separately  controlled,  whether  by  an 
individual  propulsor  control  system  or  an  automatic  single  control  system, 
one  operator  per  craft  is  required.  This  is  a  continuous  function;  one 
other  part-  or  full-time  person  will  be  required  for  engine  surveillance 
and  adjustment,  fueling,  deckhand  duties,  and  other  intermittent  actions. 
Relief  personnel  also  must  be  considered. 

When  the  powered  craft  are  centrally  controlled  in  groups,  one  opera¬ 
tor  is  required  for  the  central  control  position.  A  safety  man  on  each 
craft  is  desirable,  and  this  individual  can  perform  the  auxiliary  functions 
noted  above. 

For  a  total  of  N  powered  units,  which  can  be  controlled  Individually 
or  in  groups  of  three,  the  following  manpower  comparison  can  be  made.  We 
assume  that  each  powered  unit  can  drive  two  non-pov;ered  bays  and  that  three 
powered  units  would  be  necessary  in  a  six-bay  raft. 
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Operators 
Assistants 
Maint .  Mechanic 
Total 


Individual  Control 
N 

N/2  to  N 
N/3 


Group  Control 
N/3 

N/3  to  N 
N/3 


1.83  to  2.33  N  1.0  to  1.67  N 

A  manpower  saving  of  at  least  2/3  bodies  per  powered  unit  would  be  achieved 
by  the  use  of  automated  group  control. 
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Phase  II 

Organisational  and  Life-Cycle  Costs  of 
Alternative  Wet  Bridge  Syatens 


6.  ORGANIZATIONAL  AND  LIFE-CYCLE  COSTS  OF  ALTERNATIVE , 

VIABLE  WET  BRIDGE  SYSTEMS 

6,i  INTRODUCTION 

This  portion  of  the  report  concerns  Phase  II,  which  addresses  the 
investigation  of  the  organizational  and  life-cycle  cost  aspects  of  three 
alternative  wet  bridge  system  concepts,  namely, 

•  The  Current  Ribbon  Bridge, 

•  An  Improved  Ribbon  Bridge  utilizing  integral  propulsion 
half-bays  to  replace  the  present  Construction  Boats  in 
the  functional  aspects  of  bridging  as  well  as  rafting,  and 

•  An  Improved  Wet  Bridge  based  upon  three-ponton  bays,  each 
having  its  own  integral  propulsion. 

The  organizational  aspects  of  the  study  were  coordinated  with  nuc 
Technical  Point  of  Contact  at  the  Marine  and  Bridge  Laboratory.  The  life- 
cycle  cost  aspects  of  Phase  II  were  coordinated  with  the  Cost  Analysis 
Division  of  MERADCOM.  Information  on  the  current  Ribgon  Bridge  system 
was  obtained  from  the  Readiness  Project  Officer,  Troop  Support  and  Aviation 
Command,  St.  Louis,  Missouri. 

Life- cycle  costing  was  limited  to  a  consideration  of  three  principal 
elements  of  cost,  expressed  in  fiscal  year  1982  constant  dollars  for  a 
ten-year  period: 

•  Investment,  namely,  bridging  systems  and  subsystem  procurement; 

•  Comparative  crew  costs  based  upon  military  pay  and  allowances 
only,  disregarding  a  loaded  rate;  and 
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•  The  operating  and  support  costs  of  a  bridging  mission, 
calculated  on  the  assumption  that  such  missions  occur 


(a)  once  per  month  and  (b)  eight  times  per  month. 

Other  cost  elements  such  as  research  and  development  were  not  included, 
either  because  of  a  lack  of  availability  or  the  requirement  for  extensive 
engineering  and  detailed  design,  which  were  outside  the  scope  of  the  task. 

It  was  assumed  that  each  alternative  bridge  would  have  a  service  life 
of  not  less  than  ten  years  (combined  storage  and  mission  use).  The 
typical  24-hour  mission  for  this  bridge,  which  is  capable  of  spanning  a 
120-m  wet  gap,  was  set  forth  as  follows: 

A  13-hour  duration  mission  consisting  of: 


Approach  march 

0.5 

hours  or  10  miles 

Construction  (site  preparation, 
launching  and  assembly  of  400 
feet  of  bridge) 

1.0 

Bridge  operation  (average  traffic 
volume  of  60  vehicles  per  hour 
to  include  at  least  five  Class  60 
vehicles) 

9.0 

Disassemble 

2.0 

Relocate 

0.5 

Total 

13.0 

hours 

i  1 
i;i 


6.2  ACQUISITION  COSTS 

The  acquisition  costs  are  presented  with  their  source  for  subsystems 
of  the  two  new  bridge  concepts.  Where  necessary,  estimates  were  made  by 
Arthur  D.  Littxe,  Inc.,  based  upon  conservative  engineering  and  manufac¬ 
turing  practices.  For  some  newer  developments,  such  as  the  jet  pumps, 
pricing  information  has  been  requested,  but  1982  prices  have  been  confirmed 
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only  for  the  SPJ-32  Schottel  Pump-Jet  (which  will  be  $10,000  in  FY1982 
dollars) . 

6.2.1  Ribbon  Bridge  System 

The  acquisition  costs  for  the  Ribbon  Bridge  System  in  FY1982  dollars 
are  presented  in  Table  6-1.  These  costs  are  based  on  using  the  new  trans¬ 
porter  expected  to  be  available  in  1983  and  the  new  Bridge  Erection  Boat. 

6.2.2  Improved  Ribbon  Bridge  System  with  Integral  Propulsion  Half-Bays 
The  Improved  Ribbon  Bridge  System  utilizes  the  same  subsystems  as 

the  Ribbon  Bridge  but  replaces  Bridge  Erection  Boats  with  integral  propul¬ 
sion  half-bays  for  both  bridge  and  rafting  applications.  The  derivation 
of  our  cost  estimate  for  the  integral  propulsion  half-bay  is  presented 
below  and  in  Table  6-2.  The  expected  price  for  the  half-bay  in  quantities 
of  100  or  more  and  lot  sizes  of  50  is  expected  to  be  $78,259. 

Multiple  production  costs  (and  prices)  are  based  upon  the  following 
assumptions: 

•  Two  factors  are  taken  into  account:  (1)  an  exponential 
"learning  curve"  and  (2)  reduced  amortization  for  special 
plant  equipment  for  this  production.  It  is  assumed  that 
production  is  in  five-unit  lots,  and  that  the  reductions 
are  based  upon  lots  rather  than  on  individual  units. 


•  A  cost  division  is  assumed,  with  exponents,  as  follows: 

Labor  30%  and  .995n 
Material  50%  and  .990° 

Overhead  20%  and  .997° 

•  Plant  savings  are  assumed  to  be  .04  times  the  number  of  boats 
times  dollars  invested.  The  latter  is  taken  at  5%  of  the 


contract  cost. 
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Table  6-1 
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Acquisition  Costs 

of  Ribbon  Bridge  System 

Subsystem  or  Module 

Cost  (FY1982  $) 

5 

Source 

Interior  Bay 

25,500 

(1) 

Ramp  Bay 

35,855 

(1) 

Transporter  M  945  Chassis 

67,725 

(2) 

Transporter  Kit 

12,982 

(1) 

Bridge  Erection  Boat 
(UK  CSB) 

150,000 

(3) 

Boat  Cradle 

7,200 

(3) 

*(1)  Readiness  Project  Officer  (Troop  Support  &  Aviation  Command) 

(2)  USATACOM 

(3)  Cost  Analysis  Division,  MERADCOM 


Table  6-2 


Estimated  Cost  and  Expected  Price  of  Integral  Propulsion 
_ Half-Bay  for  Improved  Ribbon  Bridge  System _ 


Structure: 

4ST  @  $4, 500/ ST 

$  18,000 

Hinge : 

Soss  type;  11  ft  @  $150/ft 

1,650 

Hydraulics : 

Entire  system  including  power 
takeoff,  pump,  piping  accumu¬ 
lator,  cylinders 

4,000 

Controls: 

Two  stations;  cabling; 
controllers 

5,000 

Mlsc.  Outfit: 

Ventilation,  navigation,  bilge 
pumps,  etc. 

3,000 

Propulsion: 

2  x  150-bhp  Deutz  diesels  @ 
$75/bhp,  w/aux. 

22,500 

2  x  SPJ  Schottel  units 

24,000 

Total  Unit 

Cost: 

$  78,150 

Tooling  and  Hanufacturing 
Design  and  Engineering  @  52 

3,908 

$  82,058 

Profit  and  Taxes  @  10Z 

8,206 

expected  Price: 

$  90,264 

Source:  Arthur  D.  Little,  Inc. 
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The  combined  reduction  is  approximated  closely  by  the  expression 
C  •  cn  [1.0  -  .007  (n-1) ]  where  n  is  the  number  of  five-boat  units  and 


c  is  the  base  cost 

for  each  boat. 

The  results  are  as 

follows: 

No.  Half-Bays 

X  Savings 

Cost 

Expected  Price 

1 

0 

$  82,058 

$  90,264 

5 

0 

410,290 

451,325 

10 

1.4 

809,092 

890,013 

25 

2.8 

1,994,009 

2,193,440 

50 

6.3 

3,844,417 

4,228,915 

100 

13.3 

7,114,429 

7,825,967 

6.2.3  Improved  Wet  Bridge  with  Integral  Propulsion  Three-Ponton  Bays 
The  acquisition  costs  for  the  subsystems  of  the  Improved  Wet  Bridge 

are  presented  in  Table  6-3.  More  detailed  manufacturing  costs  on  the  two 
principal  modules  to  be  developed,  namely,  the  interior  bay  and  the  ramp 
bay,  are  presented  in  Tables  6-4  and  6-5,  respectively. 

6.3  CREW  COSTS 

The  annual  crew  costs  were  obtained  from  the  Cost  Analysis  Division, 
MERADCOM,  and  represent  military  pay  and  allowances  only.  They  do  not 
represent  a  loaded  rate.  These  man-year  costs  are  presented  in  Table  6-6. 

The  crew  for  the  Current  Ribbon  Bridge  numbers  60.  The  crew  for  the 
Improved  Ribbon  Bridge  with  integral  propulsion  half-bays  is  only  51 
because  of  the  reduction  of  transporters  from  27  to  24  and  the  reduction 
of  Bridge  Erection  Boats  from  8  to  2 — one  a  safety  boat,  the  other  a 
marshalling  boat.  Crew  requirements  are  further  reduced  to  48  for  the 
Improved  Wet  Bridge  with  integral  propulsion  three-ponton  bays,  since 
only  19  transporters  are  needed. 
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Table  6-3 


Acquisition  Costs  for  Improved  Wet  Bridge  System  with 
_ Integral  Propulsion  Three-Ponton  Beys 


Subsystem  or  Module 

Cost  (FY1982  $) 

Source 

Interior  Bay  with 
Integral  Propulsion 

98,759 

Table  6-4 

Ramp  Bay  with  Integral 
Propulsion 

89,869 

Table  6-5 

Transporter,  10- Ton 
HEMTT  Chassis 

108,600 

Budgetary  r-ice,  Oshkosh 
Truck  Corporation,  Oshkosh 
Wisconsin  54903 

Transporter  Kit 

14,950 

ADL  (15Z  increase  over 
Ribbon  Bridge  TK  Cost) 
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Table  6-4 


Estimated  Coat  of  Three-Ponton  Interior  Bay 


Subsystem  Module 
or  Item 

Description 
or  Quantity 

Unit  Cost 
($) 

Cost 

(FY1982  $) 

Structure 

6.91  ST 

4,250/ST 

29,368 

Hinge:  Soss  Type 

20  ft 

150/ft 

3,000 

Hydraulics 

Entire  system 

4,000 

Controls 

Two  stations, 
cabling  and 
controllers 

5,000 

Auxiliary  Equipment 

Fuel  tanks, 
combustion  and 
ventilation  sub¬ 
system,  bilge 
pump,  covers, 
hoists 

6,000 

Propulsion  Subsystem : 
Deutz  Diesel  F6L  912 

2 

5,569 

11,138 

Schottel  Pump-Jet 
SPJ  32  or  SPJ  20 

2 

10,000 

20,000 

Installation 

2 

3,500 

7,000 

Unit  Quantities, 
Ultimate  2,000 

Lots  of  50 

Cost 

85,506 

Tooling  and  Manufacturing  Design  and  Engineering  @  51  4,275 

89,781 

Profit  and  Taxes  @  101  8,978 

Estimated  Price  98,759 
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Table  6-5 


Estimated  Coat  of  Three-Ponton  Ramp  Bay 


Subsystem  Module 
or  Item 

Description 
or  Quantity 

Unit  Cost 
($).  _ 

Cost 

(FY1982  $) 

Structure 

6.73  ST 

6,130/ ST 

41,240 

Hinges:  Soss  Type 

20  ft 

150/ft 

3,000 

Hydraulics 

Entire  System 
Ponton  positioning 
and  securing,  ramp 
elevating 

6,000 

Controls 

Two  stations, 
cabling  and 
controllers 

4,000 

Auxiliary  Equipment 

Fuel  tanks, 
combustion  and 
ventilation  sub¬ 
system,  bilge 
pump,  covers, 
hoists 

4,000 

Propulsion  Subsystem: 
Deutz  Diesel  F6L  912 

1 

5,569 

Schottel  Pump-Jet 

SPJ  32 

1 

10,000 

Installation 

1 

4,000 

Unit  Quantities, 
Ultimate  200 

Lots  of  10 

Cost 

77,809 

Tooling  and  Manufacturing  Design  and  Engineering  @  5%  3,890 

81,699 

Profit  and  Taxes  @  10%  8,170 

Estimated  Price  89,869 
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Table  6-6 


Annual  Crew  Costs 
(Military  Fay  &  Allowances  Only) 


Rank 

Cost  (FY1982 

1st  Lt. 

24,902 

E7 

22,423 

E6 

18,788 

E5 

15,655 

E4 

13,316 

E3 

11,705 

f 

6-10 


Arthur  D  Little,  inc. 


6.4  OPERATING  AND  SUPPORT  COSTS 


Operating  and  support  costa  Include  operational  and  maintenance  costs 
(excluding  the  bridging  crews) .  Personnel  costs  are  Included  in  maintenance 
operations  involving  overhaul.  These  costs  were  estimated  for  two  condi¬ 
tions:  one  mission  per  month  and  eight  missions  per  month.  The  latter 
represents  a  high  degree  of  activity,  such  as  for  initial  training  with  new 
bridging  and  rafting  systems. 

6.4.1  Current  Ribbon  Bridge 

A  review  was  made  of  the  Logistic  Management  Analysis  Quarterly  Summary 
(Parts  A  and  B)  for  1  November  80-31  January  81  on  the  Ribbon  Bridge  System; 
this  included: 

e  Truck  (5-ton) 
a  Transporter 
a  Bridge  erection  boat 
e  Boat  cradle 
a  Interior  bay 
a  Ramp  bay 

The  analysis  was  made  by  the  US  Army  Troop  Support  and  Aviation 
Materiel  Readiness  Command,  Directorate  for  Product  Assurance,  Systems 
Performance  Assessment  Division.  The  basic  findings  listed  below  applied 
to  low  usage  at  both  Fort  Hood  and  Fort  Lewis. 

Combined  Scheduled  and  Unscheduled  Maintenance 

Maintenance  Man-Hours 

Item  per  Operating  Hour 

5-ton  truck  0.13 

Bridge  erection  boat  0.45 
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No  maintenance  requirements  were  reported  for  the  non-powered  modules 


(interior  bay,  ramp  bay,  transporter  kit,  and  boat  cradle). 

Operating  and  maintenance  costs  for  the  more  static  modules  were 
estimated  at  a  spares  usage  of  2%  per  year,  regardless  of  the  frequency  of 
missions . 

I 

The  annual  operating  and  support  costs  for  the  Current  Ribbon  Bridge 
System  are  presented  in  Table  6-7. 

6.4.2  Improved  Ribbon  Bridge  with  Integral  Propulsion  Half-Bay 

The  operating  and  support  cost  for  the  integral  propulsion  half-bay 
was  estimated  to  be  approximately  the  same  as  that  for  the  Bridge  Erection 
Boat,  or  $26.02/0H.  The  annual  cost  for  spares,  however,  would  be  /ess; 
it  was  estimated  at  2%  of  the  cost  of  the  static  components,  or  $700  annuall  .. 
Hence,  the  annua]  costs  were  estimated  as  follows: 

•  Annual  cost  for  one  mission/month  $  4,447 

•  Annual  cost  for  eight  miss ions /month  $40,676 

6.4.3  Improved  Wet  Bridge  with  Integral  Propulsion  Three-Ponton  Bays 
The  annual  operating  and  support  cost  for  the  subsystems  and  modules 

of  the  Improved  Wet  Bridge  are  presented  in  Table  6-8. 

6. 5  COMPARATIVE  LIFE-CYCLE  COSTS  OF  CURRENT  RIBBON  BRIDGE,  IMPROVED  RIBBON 
BRIDGE.  4ND  IMPROVED  WET  BRIDGE  SYSTEMS 

This  section  discusses  separately  the  three  cost  elements  that  comprise 
life-cycle  cost,  namely, 

•  Acquisition  costs, 

•  Crew  costs,  and 

•  Operating  and  support  mission  costs . 

The  final  subsection,  6.5.4,  summarizes  the  ten-year  life-cycle  costs. 

Both  the  Improved  Ribbon  Bridge  with  integral  propulsion  half-bays  ar  the 
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(1)  MERADCOM  and  Arthur  D.  Little,  Inc. 

(2)  "Cost  Reference  Guide  for  Construction  Equipment,  Nielsen/Dataquest,  In  . 

(3)  Annual  usage  of  spares  equal  to  2Z  of  procurement  cost. 


Annual  O&S  Costs  for  Improved  Wet  Bridge  with  Integral  Propulsion  Three-Ponton  Bays 
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Improved  Wet  Bridge  with  integral  propulsion  three-ponton  bays  proved  more 
cost-effective  than  the  Current  Ribbon  Bridge  System.  The  Improved  Ribbon 
Bridge  is  cost-effective  for  all  three  cost  elements .  The  Improved  Wet 
Bridge  is,  as  expected,  higher  in  acquistion  costs  and  mission  O&S  costs 
and  lowest  in  crew  costs,  but  its  improved  bridge/rafting  performance  and 
land  mobility  over  rough  terrain  more  than  compensates  for  the  marginally 
increased  acquisition  and  mission  O&S  costs.  Its  total  life-cycle  cost 
for  typical  mission  activities  is  less  than  that  of  the  Current  Ribbon 
Bridge  System. 

6.5.1  Acquisition  Costs 

The  acquisition  costs  for  each  of  the  three  bridge  systems  are  pre¬ 
sented  in  Table  6-9.  By  eliminating  the  need  for  six  Bridge  Erection  Boats 
and  replacing  them  with  integral  propulsion  half-bays,  and  eliminating  the 
need  for  three  transporters  and  transporter  kits,  it  was  possible  to  reduce 
the  acquisition  cost  for  the  Improved  Ribbon  Bridge  by  20%  in  comparison 
with  the  Current  Ribbon  Bridge  System.  For  the  Improved  Wet  Bridge,  the 
additional  cost  of  integral  propulsion  in  the  bays  and  the  higher  cost  of 
the  10-ton  high-mobility  transporter  Increased  the  acquisition  cost  of  this 
system  by  18%  over  the  Current  Ribbon  Bridge.  However,  the  effectiveness 
of  the  Improved  Wet  Bridge  System  far  outweigh*-  this  additional  cost. 

6.5.2  Crew  Costs 

The  annual  crew  costs  (including  military  pay  and  allowances  only)  are 
presented  for  each  of  the  three  bridging  systems  in  Table  6-10.  The  crew 
cost  is  least  for  the  Improved  Wet  Bridge  because  of  the  elimination  of 
3 lx  transport  drivers  and  six  erection  boat  operators.  For  the  ten-year 
life-cycle  crew  cost,  the  reduction  for  the  Improved  Ribbon  Bridge  with 
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Table  6-9 


Bridge  Subsystem 
or  Module 

Current  Ribbon  Bridge  System 

Comparative  Acquisition  Cost 

•  120  Meters  of  Wet  Bridge. 

•  FY  ’82  Constant  Dollars 

Improved  Ribbon  Bridge  with  Intef 
Propulsion  Half-Bays 

Unit 

Total 

Unit 

Quantity 

Cost 

Cost 

Subsystem  Quantity 

Cost 

Required 

($000) 

($000) 

' Changes  Required 

(80003 

Interior  Bay 

17 

25.5 

433.5 

14 

25.5 

Ramp  Bay 

2 

35.9 

71.8 

2 

35.9  j 

Half  Bay  w/IP 

- 

- 

- 

Half  Bay  w/IP  6 

78.3  j 

Transporter 

) 

5 -ton  M945  chassis 

27 

67.7 

1,827.9 

24 

67.7 

10 -ton  HEMTT  chassis 

Transporter  Kit 

27 

13.0 

351.0 

24 

13.0  i 

Bridge  Erection 

8 

150.0 

1,200.0 

2 

150.0  ; 

Boat  (UK  CSB) 

i 

Boat  Cradle 

8 

7.2 

57.6 

2 

7.2  1 

Subtotal 

3,941.8 

•J 

Spares  at 

5%  of 

■i 

1 

Procurement  Cost 

197.1 

1 

Total 

4,138.9 

5 

\ 
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sit  Ion  Costs 


jiWet  Bridge 
lit  Dollars 


li  with  Integral 
^.f-Bays _ _ 


Improved  Wet  Bridge  with  Integral  Propulsion 


Three-Ponton  Bays 


Unit  Total  Unit  Total 

|  Cost  Cost  Subsystem  Quantity  Cost  Cost 

\  (ftonni  ($000)  Changes  Required  ($000)  ($000) 


25.5 

357.0 

Interior  Bay 
w/IP 

17 

98.9 

1,679.6 

35.9 

71.8 

Ramp  Bay 
w/IP 

2 

89.9 

179.8 

78.3 

469.8 

— 

' 

67.7 

1,624.8 

2 

67.7 

135.* 

19 

108.6 

2,063.4 

13.0 

312.  C 

19 

15.0 

285.0 

150.0 

300.0 

2 

150.0 

300.0 

7.2 

14.4 

3,149.8 

2 

7.2 

14.4 

4,657.6 

157.5 

232.9 

3,307.3 

4,890.5 

Arthur  D  Little,  Inc 


Rank 


Current  Ribbon  Bridge  System 


Crew 

Required 


Man-Year 

Cost: 

($Q00) 


Total  Annual 
Cost 

($000.) _ 


Table  6-10 

Comparative  Crew  Costs 

•  120  Meters  of  Wet  Bridgd 

•  FY  '82  Constant  Dollars 

•  Military  Pay  and  Allowad 


Improved  Ribbon  Bridge  with 
_ Propulsion  Half-BayJ 


Crew 

Required 


Man-Year 

Cost 

($000) 


1st  Lt. 

2 

24.9 

49.9 

2 

24.9 

E7 

2 

22.4 

44.8 

2 

22.4 

E6 

3 

18.8 

56.4 

3 

18.8 

E5 

7 

15.7 

109.9 

7 

15.7 

E4 

29 

13.3 

385.7 

24 

13.3 

E3 

17 

11.7 

198.9 

13 

11.7 

Total 

60 

845.5 

51 

Ten  Year 
Crew  Cost 

8,455.0 

Ti 
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£10 

Crew  Costs 

;s  of  Wet  Bridge 

instant  Dollars 

Pay  and  Allowances  Only 


ion  Bridge  with  Integral 
Vision  Half- Bays 


Improved  Wet  Bridge  wit 
slon  Three- 


Man -Year  Total  Annual  Man  Year 

Cost  Cost  Crew  Coat 


\  C$000) 

($ooa) 

Required 

($000) 

f 

24.9 

49.8 

2 

24.9 

j  22.4 

44.8 

2 

22.4 

\  18.8 

t 

56,4 

3 

18.8 

f 

1  15.7 

f 

109.9 

7 

15.7 

[■  13.3 

f 

319.2 

23 

13.3 

! 

152.1 

11 

11.7 

| 

732,2 

48 

i 

7,322.0 
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integral  propulsion  half-bays  is  13%.  The  reduction  in  ten-year  life-cycle 
crew  costs  for  the  Improved  Wet  Bridge  over  the  Current  Ribbon  Bridge  is 
18%. 


6.5.3  Mission  Operating  and  Support  Costs 

MERADCOM  has  defined  a  typical  24-hour  mission  for  the  construction, 
operation  and  disassembly  of  a  Wet  Bridge  over  a  120-m  water  gap  as  con¬ 
sisting  of  13  hours  of  activity,  A  breakdown  by  task  was  given  in  Sec¬ 
tion  6.1.  The  erection  boats  and  the  Integral  propulsion  bays  for  the  new 
bridges  were  assumed  to  operate  for  an  average  of  12  hours  per  mission,  and 
a  transporter  was  assumed  to  operate  for  an  average  of  4  hours.  Table  6-11 
compares  the  annual  O&S  costs  of  the  three  bridge  systems  for  one  mission 
per  month,  which  would  be  typical  for  peacetime  training. 

the  annual  mission  cost  is  least  for  the  Improved  Ribbon  Bridge  with 
integral  propulsion  half-bays,  principally  because  the  operating  cost  of 
the  half-bay  would  be  much  less  than  that  of  a  bridge  erection  boat. 

Another  (relatively  small)  difference  in  cost  results  from  the  reduction 
of  transporters  ar.d  transporter  kits  from  27  to  24. 

The  highest  operating  cost  is  for  the  Improved  Wet  Bridge  with  Integral 
Propulsion  Three-Ponton  Bays.  This  reflects  the  O&S  costs  of  the  17  inter¬ 
ior  bays  and  2  ramp  bays,  all  of  which  have  integral  propulsion.  Trans¬ 
porter  costs,  even  with  the  10-ton  HEKTT  transporters,  are  less  than  those 
for  the  5-ton  M945  transporters  used  with  the  Current  Ribbon  Bridge  because 
of  the  reduction  from  27  transporters  to  21. 

Overall,  the  reduction  in  mission  O&S  costs  was  21%  for  the  Improved 
Ribbon  Bridge  in  comparison  with  the  Current  Ribbon  Bridge.  The  mission 
O&S  costs  of  the  Improved  Wet  Bridge,  however,  were  19%  above  those  of 
the  Current  Ribbon  Bridge. 
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Table  6-11 


Comparative  Annual  Operating 


e 


120  Meters  of  Wet  Bridge 
FT  ’82  Constant  Dollars 
Exclusive  of  Crew  Coats 
Training  Frequency;  i  Miss! 

Improved  Ribbon  Bridge  wit! 


Current 

Ribbon  Bridge  System 

Propulsion  Ha] 

Bridge  Subsystem 
or  Module 

Module 

Quantity 

Required 

O&S  Annual 
Cost/ 

($) 

Total 

Annual  Cost 
($000) 

Module 

Subsystem  Quantity 
Changes  Required 

Interior  Bay 

17 

510 

8.7 

14 

Ramp  Bay 

2 

718 

1.4 

2 

Half-Bay  w/IP 

- 

- 

- 

Half  Bay  w/IP  6 

Transporter 

5-ton  M945  chassis 

27 

520.80 

14.1 

24 

10-ton  HEMTT  chassis 

- 

- 

- 

- 

Transporter  Kits 

27 

390 

10.5 

24 

Bridge  Erection 
floats  (UK  CSB) 

8 

6,747 

54.0 

2 

Boat  Cradles 

8 

144 

1.2 

2 

Total 

89.9 

Ten  Year 

Mission  Cost 

899.0 

i 
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Bridge  with  Integral  Propulsion 
Three-Ponton  Bays 


Module 
Quantity 
Requ i red 

O&S  Annual 
Cost/ 

_($)._  . 

Total 

Annual  Cost 
(30001 

17 

3,779.56 

64.3 

2 

2,752.32 

5.5 

- 

- 

- 

2 

520.80 

1.0 

19 

710.40 

13.5 

19 

450 

8.6 

2 

6,747 

13.5 

2 

144 

0.3 

106.7 

1,067.0 
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To  take  into  account  the  intensive  training  needed  for  a  new  bridge 
system,  MERADCOM  requested  that  a  frequency  of  eight  missions  per  month 
also  be  considered.  (This  would  not  be  normal  for  peacetime  training.) 

The  effect  is  shown  in  Table  6-12:  annual  O&S  costs  of  the  integral  pro¬ 
pulsion  bays,  the  transporters,  and  the  bridge  erection  boats  are  increased 
by  factors  ranging  from  about  five  to  eight. 

6.5.4  Summary  of  Ten-Year  Life-Cycle  Cost 

The  ten-year  life-cycle  costs  representative  of  current  mission 
operating  procedures  are  summarized  in  Table  6-13.  Acquisition  costs  are 
lowest  for  the  Improved  Ribbon  Bridge  System  and  highest  for  the  Improved 
Wet  Bridge  System  (although  the  higher  performance  of  the  latter  system 
more  than  compensates  for  this  cost) .  Crew  costs  are  lower  for  both  the 
Improved  Ribbon  Bridge  System  and  the  Improved  Wet  Bridge  System. 

Mission  O&S  costs  are  lowest  for  the  Improved  Ribbon  Bridge  and  somewhat 
higher  for  the  Improved  Wet  Bridge  System. 

In  terms  of  the  ten-year  totals,  the  Improved  Ribbon  Bridge  offers  a 
16%  saving  over  the  Current  Ribbon  Bridge,  and  the  Improved  Wet  Bridge 
offers  a  4%  saving. 

A  similar  tabulation  for  a  training  frequency  of  eight  missions  per 
month  is  shown  in  Table  6-14.  This  frequency,  as  mentioned  above,  would 
be  abnormal  for  peacetime,  but  the  correspondingly  higher  O&S  costs  are 
more  in  keeping  with  the  acquisition  costs  of  the  respective  systems. 


6.6  SUMMARY  OF  PERFORMANCE  CHARACTERISTICS 


Table  6-15  summarizes  the  performance  characteristics  of  the  three 
bridge  systems  covered  in  Fhase  I.  These  characteristics  pertain  to  a 
120-ra  wet  bridge  mode  and  three  rafting  modes  (three-bay,  four-bay,  and 
five-bay) . 
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Table  6-12 

Comparative  Annual  Operation  «»h  gup 

•  120  Meters  of  Wet  Bridge 

•  FT  *82  Constant  Dollars 
t  Exclusive  of  Crew  Costs 

e  Training  Frequency;  8  Missions  fl 


Current 

Ribbon  Bridge 

System 

Improved  Ribbon  Bridge  with  Ind 
Propulsion  Half*8avs  1 

Bridge  Subsystem 
or  Module 

Module 

Quantity 

Required 

O&S  Annual 
Cost/ 

<$) 

Total 

Annual  Cost 
($QQ0) 

Subsystem 

Changes 

Module 

Quantity 

Required 

O&S  Kt 
Cost 

($> 

Interior  Bay 

17 

510 

8.7 

14 

51 1 

Ramp  Bay 

2 

718 

1.4 

2 

J 

I 

Half -Bay  w/IP 

- 

- 

- 

w/IP 

6 

30,671 

Transporter 

5 -■ton  M945  chassis 

27 

4,166.40 

112.5 

24 

4,16 1 

10 -ton  HEMTT  chassis 

- 

- 

- 

Transporter  Kits 

27 

390 

10.5 

24 

39 

Bridge  Erection 

8 

32,975 

263.8 

2 

32.91 

Boats  (UK  CSB) 

Boat  Cradles  8 

Total 

Ten  Year  Mission  Cost 

144 

1.2 

398.1 

3,981.0 

2 

14 
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lie 

iity 

|.red 

O&S  Annual 
Cost/ 

(?) 

Total 

Annual  Cost 
($000) 

Subsystem 

Changes 

k 

510 

7.1 

w/IP 

2 

\ 

718 

1.4 

w/lP 

6 

f 

| 

30,676 

184.1 

w/IP 

i 

f* 

4,166.40 

100.0 

k 

- 

** 

|4 

f 

390 

9.4 

|2 

32,975 

66.0 

i 

1 

|  2 

144 

0.3 

368.3 

3,683.0 

Bridge  with  Integral  Propulsion 
Three-Pon ton  Bays 


Module 

Quantity 

Required 

O&S  Annual 
Cost/ 

_<£>  _ 

Total 

Annual  Cost 
($000)  _ 

17 

23,236.58 

395.0 

2 

13,618.56 

27.2 

- 

- 

- 

2 

4,166.40 

8.3 

19 

5,683.20 

108.0 

19 

450 

8.6 

2 

32,975 

66.0 

2 

144 

0.3 

613.4 

6,134.0 
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Table  6-14 


Table  6-15 


Performance  Trade-Off 


Performance  Characteristics 
for  Operational  Modes 

1.  120  Meter  Wet  Bridge  Mode. 

a.  Mission  crew  required. 

b.  Bridge  erection  boats 
required . 

c.  Transporters  required. 

d.  Available  thrust. 


Current  Ribbon 
Bridge  System 


Forward  -6  x  4500  =  27,000 
Reverse  -6  x  2200  =  13,200 


Improved  Ribbon  Brid| 
with  Integral  Propul  sic 


Omnidirectional  j 

Forward  -  12  x  2248  *  2f 
Reverse  -12  x  2248^  21 


e.  Available  interior  bay 
buoyancy  with  roadway  awash. 

f.  Launchability  and  recover¬ 
ability. 


g.  Operability. 


2.  Rafting. 

a.  Mission  crew  required.  (Hot 
including  raft  commander.) 

3  bay  (ramp,  interior, 
ramp) 

4  bay  (ramp,  2  interior, 
ramp) 

5  bay  (ramp,  3  interior, 
ramp) 


■32.0  ST 


bay  launched  folded. 

Unfolded  in  water  by  its  own 
buoyancy. 

Controlled  and  towed  to  bridge 
site  by  Bridge  Erection  Boat. 

For  recovery,  steps  are 
reversed. 

Requires  up  to  six  Bridge 
Erection  Boats  for  live  anchor- 
ing  (crews  of  two  per  boat); 
anchoring  crew  of  12. 


~32.0  ST 
(also  two  integral  pro 

Half- bay  unfolded  on  ti 
own  power  and  secured 
Half-bay  launched  from 
Half-rbay  connects  to  o 
interior  full  bays,  t 
site  and  connects  to 
more  interior  bays.  J 
For  recovery,  steps  atj 

Requires  up  to  six  inti 
bays  for  live  anchorij 
bay)  ;  anchoring  crew  j 


4  for  2  boats,  6  for  3  boats 


b.  Bridge  erection  boats  required 

(3,  4,  and  5  bay). 

c.  Transporters  required. 

3  bay 

4  bay 

5  bay 


2  to  3 


7  or  8 


\ 


fTrade-off  Analysis 

kibbon  Bridge  System 
jtl  Propulsion  Half  Bays 


Improved  Wet  Bridge  System  with 
Integral  Propulsion  Three  Ponton  Bays 


51 


48 


2 

f  24 

tonal 

f  x  2248  *  26,976 
|  x  2248  ■  26,976 


2 


Omnidirectional 
Maximum 
@  1800 /module 
@  1300/module 


36  x  1574  =  56,664 
19  x  1800  *  34.200 
19  x  1300  *  24,700 


l  ~32.0  ST 

integral  propulsion  half  bays) 

i 

{folded  on  transporter  by  its 
land  secured. 

punched  from  transporter, 
pnnects  to  one  or  more  ramp  or 
pill  bays,  tows  bays  to  bridge 
connects  to  bridge  pr  returns  for 
{lor  bays. 

steps  are  reversed. 

|  to  six  integral  propulsion  half- 
live  anchoring  (crew  of  one  per  half- 
k>ring  crew  of  six. 


- — 34.1 


Both  ramp  and  interior  bays  are  unfolded  on 
transporter  by  their  own  power  and  secured. 
Bays  launched  from  transporters . 

Bays  maneuver  to  bridge  site  under  own  power. 
Depending  upon  controllability ,  ramp  bay  may 
require  early  connection  to  interior  bay. 
Bays  are  interconnected  to  forn  the  bridge. 
For  recovery,  steps  are  reversed. 

Requires  one  operator  per  four  integral  pro¬ 
pulsion  bays;  anchoring  crew  of  five. 


2  for  2  half  bays 
4  for  4  half  bays 


4 

5 

6  or  7 


3 

4 

5 


6-31 


X 


^ J.  ...  :  ■  .....A.  ...  ■■  . 


Arthur  D  Little.  Inc 


Performance  Characteristics 
for  Operational  Mode _ 

d»  Available  thrust. 

(pounds) 

3  bay 

4  bay 

5  bay 

e.  Raft  capacity  (Military 
Load  Class)  based  upon: 

0.1  m  Stillwater  roadway 
freeboard 

3  bay 

4  bay 

5  bay 

0.4  m  stixlwater  bow 
freeboard 

3  bay 

4  bay 

5  bay 


Current  Ribbon 
Bridge  System 


Forward 


Reverse 


9,000  4,400 

9,000  4,400 

9,000  to  4,400  to 

13,500  6,600 


20 

40+ 

60+ 

20 

40+ 

60+ 


I 

[; 


i 

je  6^15  (Cont'd.) 


ton  Bridge  System 
propulsion  Half~Bays 

pctional 

1196 

E. 

196 

*96  to 
£92 


|  20 
!  40+ 

I  60+ 


\  20 

t 

|  40+ 
[  60+ 


Improved  Wet  Bridge  System  with 
Integral  Propulsion  Three-Ponton  Bays 


1300  Lbs/Module 
3,900 
5,200 
6,500 


Omnidirectional 

1800  Lbs. /Module  Max.  1574  Lbs . /Pump-Jet 


4,948 

6,748 

8,548 


6,296 

9,444 

12,592 


30+ 

60+ 

90+ 


10+ 

30+ 

50+ 
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In  practically  all  performance  categories  the  Improved  Ribbon  Bridge 
System  with  integral  propulsion  half-bays  is  superior  to  the  Current  Ribbon 
Bridge  System.  In  a  few  categories  (e.g.,  capacity  as  a  bridge  or  as  a 
raft)  the  two  systems  are  equal.  The  only  Inferior  operational  character¬ 
istic  of  the  Improved  Ribbon  Bridge  is  in  rafting,  since  the  forward  thrust 
of  a  half-bay  is  only  half  that  of  the  new  UK  Bridge  Erection  Boat. 

The  Improved  Wet  Bridge  System  with  integral  propulsion  three-ponton 
bays  is  superior  in  every  characteristic  except  the  forward  available 
thrust  of  a  three-bay  raft.  It  is  superior  in  its  omnidirectional  thrust, 
however,  and  has  approximately  50%  more  thrust  in  the  reverse  direction. 

The  only  other  inferior  attribute  of  the  Improved  Wet  Bridge  is  its  bow 
freeboard  in  relation  to  the  roadway  freeboard.  The  raft  and  bridge 
capacity  with  respect  to  roadway  freeboard  is  far  superior  to  that  of  the 
Current  Ribbon  Bridge. 
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SUMMARY 


A  review  of  the  Current  Ribbon  Bridge  drawings  (specifically,  -4003, 
Ronton,  Interior,  Roadway)  indicates  that  of  the  12,000-lb  total  weight 
of  a  complete  interior  bay,  approximately  6700  lb  is  devoted  to  moment 
and  tire-load  reaction  structure.  The  remaining  weight  consists  of  the 
bows,  connections,  local  stiffeners,  and  other  parts. 

If  the  present  bridge  can  carry  Class  60  (max.  wheeled  vehicle  load 
of  70  ST)  and  the  Improved  Wet  Bridge  must  carry  Class  70  (80.5  ST),  a 
prudent  estimate  of  the  required  increase  in  "structural"  weight  would 
be  the  same  as  the  increase  in  actual  load,  namely,  15%.  The  increased 
depth  of  the  bridge  section  (from  29  to  approximately  38  in.)  would  ap¬ 
parently  increase  the  structural  "section  modulus"  without  an  Increase 
in  weight;  however,  in  deep  sections  web  buckling  can  control  material 
thickness.  Without  detailed  knowledge  of  point  loads,  point  of  applica¬ 
tion  of  worst-case  loads,  or  worst-case  load  distribution,  it  is  impos¬ 
sible  to  refine  the  estimate  of  weight  increase. 

In  the  Improved  Wet  Bridge,  the  wheel  or  track  loads  will  (for  the 
worst  case)  cross  the  bow-to~interior  longitudinal  joint,  thus  partially 
loading  the  bow.  This  longitudinal  hinge  joint  must  be  capable  of  sus¬ 
taining  the  associated  shear  transfer  loads.  Each  of  the  two  hinges  and 
two  lower  connection  mechanisms  is  estimated  to  be  equivalent  to  a  2-1/2 
inch  square  aluminum  bar  extending  for  a  bay  length  of  275.6  in.  (7.0  m) . 
This  total  weight  is  688  lb. 

Thus,  the  total  increase  in  weight  will  be  6700  x  15%  plus  688,  or 
approximately  1700  lb.  Since  this  figure  reflects  only  structural  dif¬ 
ferences,  it  should  be  considered  the  minimum  weight  increase. 
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•  From.  TM  5-5420-209-12  : 


5-ton  Transporter  can  carry  6-ton  load 

Ribbon  Bridge  has  Class  60  capability  in  currents  up  to  8  ft/s 


•  From  Report  2298: 


Wet  Bridge  launch  from  WVL 


•  From  Trilateral  Design  Report,  Appendix  C: 


Weight 
of  Tank 

Max. 

Load 

Single 

Axle 

Critical  Tire  Load 
and  Tire  Size 

Tank 

Width 

Class 

60 

60 

70 

25 

20,000  lb  on 
24.00  K  29 

132" 

Class 

70 

70 

1 

80.5 

i 

25.5 

1 

Ditto 

138" 

1 

t 

+16. 7% 

f 

+15% 

T 

+11% 

No  change 

I 

+  4.5% 
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The  net  section  stress  in  the  Improved  Wet  Bridge  must  not  exceed 
that  in  the  Current  Ribbon  Bridge.  The  section  depth  of  the  Improved 
Wet  Bridge  is  9  inches  greater  than  that  of  the  Current  Ribbon  Bridge 
(38  vs  29  in.).  Although  this  tends  to  offset  the  necessity  for  in¬ 
creasing  its  weight  per  unit  width  of  roadway,  the  thickness  of  the 
webs  must  be  increased  because  of  the  danger  of  web  buckling  in  deep 
sections.  Since  the  exact  sice  and  location  of  worst-case  loads  are 
unknown,  the  necessary  increase  cannot  be  calculated.  However,  from 
the  table  on  p.  A-2,  it  would  be  reasonable  to  assume  that  the  weight 
of  the  purely  structural  members  should  increase  by  about  15%. 
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Since  the  load  will  cress  the  longitudinal  joint  between  the  bow 
and  roadway  pontons,  the  hinges  must  be  strengthened  to  transfer  the 
associated  shear  stress.  The  additional  weight  is  calculated  as  follows: 
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APPENDIX  B 

SPECIFICATIONS  FOR  HEAVY  EXPANDED  MOBILITY  TACTICAL  TRUCK 


Arthur  D  Little  Inc 


WEIGHTS  *  DIMENSIONS 


HEMTT  SPECIFICATIONS 

Th«  United  States  Army  Heavy  Expanded  Mobility  Tactical 
Truck  (HEMTT)  is  an  eight  wheal  drive,  10  ton,  on-off  highway 
vehicle  produced  in  live  configurations: 


Cargo  truck  with  light  duty  material  handling  crane. 
NSN  2320-01  -027 -0260  with  self  recovery  winch 
NSN  2320-°1 -099-3426  without  self  recovery  winch. 


THE  M978 


Tanker  truck  used  lor  reli  ellmg 

NSN  2320-01-097-0249  with  sell  recovery  winch 

NSN  2320-01-100-7672  without  sell  recovery  winch. 


THE  M983 

Tractor  truck  with  material  handling  crane 
NSN  2320-01-099-6421  with  sell  recovery  winch. 

NSN  2320-01-097-0247  with  sell  recovery  winch  but  without 
crane. 


— 

Cargo 

M9TT 

Tanker 

M*7I 

EkSI 

ESI 

Chassis  Weight  * 

25.630 
(11  533) 

25,630 

(11533) 

25,760 

(11592) 

27.066 

(12189) 

25.630 
(11  533) 

Front  Tcndem 

17,539 
(  7  892) 

17,539 
(  7  892) 

17,514 
(  7681) 

17,581 
(  7991) 

17,539 
(  7  892) 

Rear  Tandem 

6,091 
(  3641) 

8  091 
(  3841) 

6,245 
(  3710) 

9.505 
(  4277) 

8.091 
(  3641) 

Curb  Weight 

34,889 
(15  700) 

34,996 

(15746) 

36.927 

(16617) 

" 

jpFfSnl 

37,189 
(16  735) 

GVWR 

60,000 
(27  000) 

60.000 

(27000) 

60.000 
(27  000) 

60.000 

(36000) 

60.000 

(27000) 

GCWR 

100,000 

(45000) 

100.000 

(45000) 

100.000 
(45  000) 

100,000 

(45000) 

100,000 

(45000) 

Overall 

Length 

396 
(  9900) 

396 
(  9900) 

349 
(  8  725) 

378 
(  9450) 

396 
(  9900) 

Overall 

Wid’h 

96 

(  2  400) 

96 

(  2  400) 

S6 

l  2  400) 

96 

(  2400) 

96 

(  2  400) 

Overall 

Height 

120 
(  3000) 

120 
(  3000) 

120 
(  3000) 

120 
(  3000) 

120 
(  3000) 

Reducible 

Height 

102 
(  2  550) 

102 
(  2  550) 

102 
(  2  550) 

102 
(  2  550) 

102 
(  2550) 

Wheelbase 

210 
(  5  250) 

210 
(  5  250) 

181 
(  4  525) 

210 
(  5  250) 

210 
(  5250) 

Ground 

Clearance 

25 

(  625) 

25 

(  625) 

25 

(  625) 

25 

(  625) 

25 

(  625) 

Approach  Angle 

43° 

43° 

43° 

43° 

43° 

Departure  Angle 

45° 

45° 

45° 

45° 

45° 

•  Weights  are  in  lbs.  and  (kg).  Dimensions  are  in  inches  and  (mm). 
"  Deduct  1.100  lbs.  (495  kg)  (or  models  without  self  recovery  winch. 
Deduct  9,500  lbs.  (4  275  kg)  for  the  M983  model  without  crane. 


AXLES,  FRONT  TANDEM 

Make  and  Model  -  Oshkosh  46K 

Type  —  Driving,  steering,  single  reduction.  30°  front  turning  angle. 

single  cardan  joint,  closed  type  steering  ends. 

Inter-Axle  Differential  —  Driver  controlled 
Gear  Ratio  —  5.57:1 

Rating  —  Maximum  rated  load  on  tires  at  ground  30,000  lbs.  (13500  kg) 
Tandem  Wheelbase  —  60  inches  ( 1 524  mm) 


THE  M984 

Wrecker  truck 

NSN  2320-01-097-0248  with  sell  recovery  winch. 


THE  M985 

Cargo  truck  with  heavy  duty  material  handling  crane 
NSN  2320-0 1-', 00-7673  with  sell  recovery  winch. 

NSN  2320-01-097-0261  without  sell  recovery  winch. 


AXLES,  REAR  TANDEM  (All  «xc*pt  M984) 

Make  and  Model  —  Eaton  DS-381 
Type  —  Driving,  single  reduction 
Inter-Axle  Differential  —  Driver  controlled 
Gear  Ratio  —  5.57  1 

Rating  —  Maximum  rated  load  on  tires  at  ground  30.000  lbs.  ( 1 3  500  kg) 
Tandem  Wheelbase  —  60  inches  (1524  mm) 

AXLES,  REAR  TANDEM  (M984  only) 

Make  and  Model  —  Eaton  DS-580 
Type  —  Driving,  single  reduction 
Inter-Axle  Differential  —  Driver  controlled 
Gear  Ratio  —  5.43:1 

Rating  —  Maximum  rctad  load  on  tires  at  ground  50.000  lbs.  (22  500  kg) 
Tandem  Wheelbase  —  60  in.  (1524  mm) 


BODIES/EQUIPMENT 


Cargo 

M977 

Tenkar 

M97I 

Tractor 

M993 

Wrecker 

M9I4 

Cargo 

M9I5 

216  (5400 
mm)  cargo 
body 

45.833  ft  lbs 
(6.3  TM) 
material 
handling 
crane 

2500  gallons 
(9500  liters) 
lual  resupply 
tank 

2"  or  31 1” 
kingpin 

Universal  5th 
wheel 

146.200  ft.  m 
(20.2  TM) 
material 
handling 
crane 

120  (3000 
mm)  cargo  body 

120.000  ft.  lb. 

(16.6  TM) 
crane 

45.0001b.  (20408  Lg) 

recovery 

winch 

216  (5400 
mm)  cargo 
body 

89.(00  tt.  lb. 
(12  4  TM) 
malarial 
handling 
crane 

BRAKES,  PARKING 

Type  —  Spring  brakes  mounted  on  No.  3  and  No.  4  axles. 

Modulated  split  type  secondary  emergency  system. 

BRAKES,  SERVICE 

Type  —  Internal  shoe,  dual  system  air  operated 
Lining  Site  Front  and  Rear  —  16.5  x  5  in.  (419  x  127  mm) 
(all  except  M984  rear) 

M9S4  Lining  Size,  Rear  —  16.5  x  7  in.  (419  x  178  mm) 


CAB 

Construction  —  Extra  heavy  duty  welded  steel  construction  with 
corrosion  resistant  skins  •  Two  man  •  96”  (2438  mm)  cab  width  • 
Tinted  safety  glass  throughout  •  Rear  windows  •  Piano  type  door 
hinges  with  stainless  steel  hinge  pins  •  (2)  Rear  view  mirrors  • 
Suspension  driver  and  passenger  seat  •  Dual  sun  visors  •  Interior 
light  •  Variable  speed  air  windshield  wipers  •  Windshield  washers 
•  Electric  and  air  horns  •  Heater  and  defroster  •  Seat  belts  with 
retractor. 

Instrumentation  —  Imperial/Metric  gauges  •  Tachometer  with 
engine  hourmeter  •  Speedometer  with  odometer  (miles)  •  Air 
pressure  gauge  •  Lube  oil  pressure  geuge  •  Fuel  level  gauge  ♦ 
Coolant  temperature  gauge  •  Voltmeter  •  Air  cleaner  condition 
gauge  •  Ammeter  •  Throttle  control  •  Low  air  pressure  warning  • 
High  coolant  temperature  warning  •  High  beam  indicator  light  • 
Tiansmission  oil  temperature  gauge  •  Turn  signal  indicator  lights 
«  Blackout  light  controls. 


CHASSIS  EQUIPMENT 

Front  steel  fenders  •  Extra  heavy  duty  front  bjmper  and  skid  plate 
•  Sealed  beam  headlights  «  Cab  identification  lights  •  Stop,  tail 
and  turn  signal  lights  wdh  4-way  flashing  front  and  rear  •  Front 
marker  lights  •  Cab  clearance  lights  •  Blackout  lights  •  Horizontal 
muffler  •  100  gallon  (380  litre)  fuel  tank  side  mounted  •  Stowage 
compartment  •  Spare  lire  and  davit  •  External  hydraulic  connec¬ 
tion  •  Service  and  emergency  air  brake  connector  -  front  end  rear 
-  left  side  •  Slave  start  connector  •  Trailer  electrical  connector. 


ELECTRICAL  SYSTEM 

Alternator  —  62  amp,  24  volt  (All  except  M963) 

100  amp.  24  volt  (M983) 

Starting  —  24  volt 
Lighting  —  24  volt 

Batteries  —  (4)  12  volt,  900  CCA  each  @  0°F 

ENGINE 

Make  and  Model  —  Detroit  Diesel  8V92TA 

Type  --  V8,  two  cycle 
Bore  —  4.84  in.  (123  mm) 

Stroke  —  5.0  in.  (127  mm) 

Displacement  —  736  cu.  in.  (12.06  liters) 

‘Brake  HP  —  445  (332  Kw)  @  2100  FtPM 
‘Max.  Torque  —  1250  ft.  lbs.  (1695  N«m) 

•  S AE  Standard  Conditions  -  2»  3«  in  h#  tws  mbio  *na  es°F  (29'ci 

FRAME 

Type  —  Formed  channel,  bolted  construction  with  grade  8  bolts 
Material  —  Carbon  manganese  steel,  heat  treated. 

Yield  Strength  —  110,000  psi  minimum  (758  mPa) 

Size  —  10-1/8  x  3-1/2  x  3/8  in.  (257  x  89  x  9.5  mm) 

Section  Modulus  —  17.415  in.1  (285  cm1)  per  rail 
RBM  —  1.915.650  in.  lbs.  (216,439  N*m)  per  rail 

STEERING  SYSTEM 

Type  —  Integral  hydi  aulic  main  and  booster  oears. 

Ratio  -  23.1 

SUSPENSION,  FRONT  AND  REAR 
(All  except  M984  rear) 

Make  and  Model  —  Hendrickson  RT340 
Type  —  Spring  with  steel  saddle  and  equalizing  beams.  10' 
(250  mm)  vertical  axle  travel. 

SUSPENSION,  M984  REAR 
Make  and  Model  —  Hendrickson  RT450 
Type  —  Spring  with  steel  saddle  and  equalizing  beams.  10” 
(250  mm)  vertical  axle  travel. 

TIRES 

Type  —  Tube 
Size  -  16.00R20 
Tread  —  Radial  traction 

TRANSFER  CASE 

Make  and  Model  —  Oshkosh  55000,  two  speed 
Type  —  Air  operated  front  tandem  disconnect. 

Ratio  -  .98:1  and  2.66:1 


COOLING  SYSTEM 

Radiator  Core  —  Fin  and  tube  type. 

Frontal  Area  —  1710  sq  in.  (11,032  cm1) 

Water  Pump  —  Gear  driven  centrifugal  type 
Conatruction  —  Fabricated  top  and  bottom  tanks  and  side 
members  bolted  together  to  form  a  rigid  frame 
surrounding  the  radiator  core  Built-in  deaera¬ 
tion  system. 

Fan  —  32  inch  (613  mm).  8  blade  dual  belt  driven  Temperature 
modulated  clutch 

Tranamlaeton/converter  oil  cooler 


TRANSMISSION 

Meke  and  Model  -  Allison  HT740D 


Type  —  Automatic,  with  torque  converter,  tour  speed 


Ratios  —  4th  —  1.00:1 
3rd  —  138:1 
2nd  —  2.02:1 
1st  —  3.69:1 
Rev.  —  6.03:1 


WHEELS 

Type  —  Steel  disc 
Size  -  20.00  x  10.00 
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